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ORIGINAL PAPERS 


THE THERMAL CONDUCTIVITY OF CARBORUNDUM 
REFRACTORIES' 


By M. L. HARTMANN? AND O. B. WEstmonT?* 


ABSTRACT 

Thermal conductivity measurements up to 1350°C of silicon carbide refractory 
materials have been made, using the water calorimeter method. Data were secured on 
furnace walls such as those commonly used in practice and results are believed to be 
accurate to within about 1%. Conductivity measurements were made on seven car- 
borundum single walls and on eight carborundum-fire-clay composite walls. The relation 
of the thermal conductivity to temperature, chemical composition, and porosity was 
investigated, as well as the magnitude of the surface and joint effects. The conductivity 
of carborundum was found to vary with the quantity of heat energy transmitted through 
the wall. Tables are given showing the coefficients of thermal conductivity and heat flow 
through various types of walls with a temperature of 1500°C in the combustion chamber. 

Temperature gradient charts and heat flow curves for various walls are also given 
together with the practical application of the results in the design of commercial fur- 
naces. 


Introduction 
Conductivity of Of all the refractory materials available com- 
Silicon Carbide mercially, there are none which even approach 


Refractories silicon carbide or carborundum in its ability to 


1 Received Jan. 8, 1925. This paper was presented at the Annual Meeting of 
the AMERICAN CERAMIC SocrETy, Columbus, Ohio, February, 1925. 

2 Director of Research Laboratory, The Carborundum Co., Niagara Falls, N. Y. 

3 Research Chemist, Research Laboratory, The Carborundum Co., Niagara Falls, 
N. ¥. 
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readily transmit heat and at the same time have mechanical strength 
and chemical inertness to resist the various destructive forces in modern 
industrial furnaces. The great mechanical strength of commercial re- 
fractories made from carborundum has been previously studied.' Accu- 
rate information concerning their ability to transfer heat under actual 
operating conditions has been lacking. 

A number of investigators have studied the thermal conductivity of 
refractory materials, but insofar as silicon carbide refractories are con- 
cerned the results are not concordant, nor has the investigated range of 
temperatures been sufficiently high. The variation in the published 
results is perhaps due not only to the difference in the methods used, 
but also to the differences in the firing temperature, porosity, and chemical 
composition of the refractories tested. 

The thermal conductivity of silicon carbide refractories at low tempera- 
tures recorded by Wologdine? agrees with the data published several 
times by The Carborundum Company.* These data, however, are quite 
different from those published recently by Beecher.‘ The results of 
Watts and King® are relative and cannot be compared directly with the 
values of other investigators. The curve published by M. L. Hartmann® 
represents values secured during the preliminary experimental work 
recorded herein. 

The remarkable increase in the use of carborundum refractories in fur- 
naces requiring a transfer of thermal energy through partition walls makes 
it desirable to determine accurately not only the relation of the thermal 
conductivity to temperature, but also its relation to the composition and 
to the porosity. 

In many installations, carborundum refractories 
are insulated so as to prevent rapid heat flow, 
with the result that the temperature gradient is 
relatively small. In calculating heat balances in such furnaces, it has 
been assumed by Fourier’s law that the thermal conductivity of the re- 
fractory is independent of the temperature gradient and that the heat 
flow through the composite walls is inversely proportional to the thermal 
resistivity of each wall. 


Application of 
Fourier’s Law 


1 Hartmann and Hougen, Amer. Electrochem. Soc., 37, 707 (1920); Hartmann and 
Kobler, ibid., 37, 717 (1920); Hartmann and Koehler, ibid., 40, 457 (1921). 

2 Wologdine, Electrochem. and Met. Ind.,'7, 383 (1909). 

3 Linbarger, Chem. and Met. Eng., 19, 489 (1918); Circular, The Carborundum 
Co. (1921). 

4 Beecher, Jour. Amer. Ceram. Soc., 7 [1], 19 (1924). 

5 Watts and King, Jour. Amer. Ceram. Soc., 6 [10], 1075 (1923). 

6 Hartmann, “‘Refractories for Electric Furnaces,’’ Booklet, The American Electro- 
chem. Soc., p. 69 (1924). 
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There appears to have been very little experimental work published to 
determine if the thermal conductivity at a given temperature is a constant 
regardless of the quantity of energy being transferred. According to the 
Bureau of Mines Report,' the question of the variation of thermal conduc- 
tivity with different temperature gradients has been raised by E. B. Wilson, 
recently of the Department of Physics of the Massachusetts Institute of 


_ , Afe-&) 
Technology. Fourier’s law | Q = k —>— _] assumes that the con- 
ductivity k, while of course different at different temperatures, is strictly 
(t; — 


a constant for all values of the temperature gradient Prof. 


L 

Wilson has pointed out that there is a possibility that this law of heat 
conduction may not be exactly realized when large temperature gradients 
are involved. 

In single carborundum walls the transferred heat energy is much greater 
than in the more usual refractory materials, and hence, it seemed desirable 
to determine whether or not Fourier’s law does hold under these unusual 
conditions. To do this it was necessary to test several composite walls 
in which the heat flow was decreased by insulation. 

The most practicable method of measuring the 


mean’ “ thermal conductivity of refractories under con- 
Bessuring Sherana ditions approaching those in practice is the method 
Conductivity PP P 


used by Boyd Dudley, Jr. This method does 
not require the use of special shapes which may have different thermal 
properties from those of the commercial brick. The wall under test was 
built of standard 2'/: x 4'/: x 9-inch brick laid up with cement of the same 
composition as the brick. 

The heat transmitted through a definite area of this wall was measured 
by a waterflow calorimeter eight inches square fitted with a two-inch guard 
ring. This guard ring prevents lateral flow of heat. The temperature 
gradient through the wall was measured by thermocouples inserted to vari- 
ous depths in holes bored to within '/, inch of the inner face. 

For the determination of the thermal conductivity up to 1400°C, it was 
found that the two-inch guard ring used by Dudley did not insure normal 
flow of heat through that section of the wall undertest. (The highest tem- 
peratures obtained by Dudley were not over 1000°C.) For this reason, 
an additional guard ring was used in our apparatus for the high tempera- 
ture tests. 


1 Hersey and Butzler, “Report of Investigations,” Ser. No. 2564, Jan., 1924. 

2 Throughout this paper Q = heat flow, k = thermal conductivity, A = area, 
L = thickness, 4: = temperature drop. 

3 Dudley, Jour. Amer. Electrochem. Soc., 27, 285 (1915). 
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Experimental Determinations 

The furnace used for the conductivity tests is 
shown in Figs. 1 and 2. This furnace was larger 
than required so a partition wall was built in the center and only the por- 
tion near the test wall was used. One large oil burner operated with 
- ~ - 6.6 Ibs. air pressure was used to 
= heat this portion of the furnace. 
A checkerwork was made with 
carborundum brick as shown so 
that the oil flame passed below 
neve & bridge supporting the checker 
[| sexe“ and around the checker to flues. 
7 “"“" Tt required approximately twelve 
hours to heat this furnace to 
1500°C in the combustion cham- 
ber. The pressure in this fur- 
nace at 1500°C was found to be 

Pe The calorimeter (Fig. 4) used 
was designed after the one described by Dudley. It consisted of a brass 
casting with a '/,s-inch copper plate soldered to the top of the casting and 
constructed so as to provide for thorough circulation of water. 

When the apparatus was con- 
nected up for the test, the water 
entered through the pipe M, 


Apparatus 


passed around the center parti- 
tion P to the lower compartment | —oN 

at K and returned around Pto N. + | =) jas 
The rise in temperature of the | | 

water passing through the calo- | | 
rimeter was measured by a differ- | — 
ential couple. This couple was lnooc comms ewes 
inserted into rubber stoppers, 
which were fitted to the 1!/2-inch 

On ~ FIRED CONDUCTIVITY FURNACE 
wells on the inlet and outlet Fic. 2. 


pipes (Fig. 4). These pipes were 

insulated with '/s-inch asbestos rope so that the temperature of the water 
would not change appreciably in passing from the calorimeter to the 
couple wells. 

The inner and outer guard rings were constructed as shown in Fig. 5. 
Double circulation of water was obtained in these rings as in the calo- 
rimeter. In the inner ring the water entered at O, passed through the 
upper compartment to S and returned in the lower compartment to P. 


; 
4 
5 
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The temperature of the outlet water from this ring was held within 0.2°C to 
that in the calorimeter by means of another differential couple. The 
calorimeter and inner 
guard ring were con- 
nected to a 60-gallon 
supply tank in which a 
constant pressure was 
maintained. 

The outer guard ring 
was constructed so that 
the water entered at Q, 
passed through the com- 
partments as in the 
inner ring, but in the 
opposite direction, and 
out through R. The 
flow of water in this ring 
was regulated so that 
the outlet water temperature was within 5°C of that of the calorimeter. 
The temperatures of the outlet water of the calorimeter and outer ring 
were determined by means of ther- 
mometers inserted in the water pipes 
near the apparatus. The outer ring 
was connected directly to the main 
water line. 

The apparatus was connected to 
the water lines with */s-inch thin- 
wall rubber tubing. On the outlet 
water tubes of the calorimeter and 
rings screw clamps were placed for 
close regulation of the flow of 
water. It was found that if these 
clamps were put on the inlet tubes 
the apparatus would not be filled 
completely with water. This was 
due to the siphon effect of the drain 
pipes. The pet cocks were necessary 
on the calorimeter and rings to 


Fic. 3. 


Section thru C-D 
with couple tubes 


+> 
tm ~ od release the air while filling the ap- 
Me ‘She paratus with water. The pet cocks 
on the rings were kept open slightly 
Section thru A-B during the tests so that air pockets 


Fic. 4.—Calorimeter. were prevented. Drain tubes from 
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these pet cocks were provided. ‘There were no air pockets formed in the 
calorimeter after it was once filled with water. 

In using the calorimeter with the rings described 
there could be heat supplied to the calorimeter 
only through the two faces (1) from the test wall 
and (2) from the warm air surrounding the apparatus. In order to de- 
crease the heat supplied by the air a '/s-inch asbestos cover plate was 
fitted over the top face of the calorimeter and inner guard ring. There 
was no insulation placed over the outer ring. Asbestos twine was packed 
between the inner and outer rings and around thermocouple tubes to pre- 
vent convection currents as much as possible. Asbestos rope was used 
for packing between the test wall and the outer guard ring. 

In order to determine the amount of heat transmitted to the calo- 
rimeter from the test wall, it was first necessary to determine the exact 

amcunt of heat which would be trans- 


Operation of 
Calorimeter 


Se ee 4 - ferred through the cover plate for vari- 
ous temperature differences. 

To do this the calorimeter was fitted 

| oe ee up with differential couples and water 

| COnnections just as for a regular 

ei, run. Instead of mounting the calorim- 

! a a Suk ewe eter on the furnace wall, it was sus- 

- 4 pended in a large wooden box enclosed 


on all six sides, and an asbestos board 
(same as on front face) was placed over 
the back face of the calorimeter. A hot 
plate and a small electric fan were placed 
in the bottom of the box. A thermom- 
eter was placed one inch from each face 
which was the position of the thermom- 


, os ae eter relative to the front face in the 
CALORIMETER GUARD RINGS 
later tests. 


Fic. 5. 
The temperature of the box was raised 


above that of the water entering the calorimeter and maintained at a con- 
stant value. The water entering the calorimeter and the guard ring was 
then adjusted so that the temperature difference at the outlet was less 
than 0.1°C. The results of the tests and calculations are as follows: 


Minimum temp. diff. between air and cal., 13.3°C. 

Maximum temp. diff. between air and cal., 30.5°C. 

Av. heat flow for 21 tests for 128 in.? & !/s” thickness, 0.9600 cals./sec./°C. 
Av. heat flow for 21 tests for 1 cm.? X 1/3” thickness, 0.00116 cals./sec./°C. 
Thermal conductivity of asbestos, 0.00037 cals./cm.*/°C/sec. 


PLAN 
o as 
CST scction|mau CF & 
pecs 
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The temperature gradients were measured si- 
Temperature multaneously at the three points in the wall under 
Gradients the calorimeter by means of three Pt: Pt-Rd 

thermocouples attached to a slider and supported 
on the framework (Fig. 3). Three holes '/2-inch in diameter, drilled to 
1/,-inch from the hot surface were fitted with sillimanite pyrometer pro- 
tection tubes, in which the three thermocouples were inserted to any 
measured position. 

Measurements of temperature gradients in this manner are subject to 
certain small errors. The protection tubes are of different material from 
the brick wall; the thermocouple junction is exposed to radiations from the 
hot end of the hole; convection currents around the tube and the couple 
may alter the readings. 

To determine the magnitude of these possible errors we repeated the 
tests which Dudley described, going to temperatures as high as 1450°C. 
Temperature measurements were made in a fire clay wall (1) in open 
holes (2) open holes with a protection tube liner (3) in a hole closed with 
clay pieces. The temperature readings in the three cases were identical 
within the limits of experimental error. 

The differential couples were made of 30 B. & S. 
gage copper and constantan wire, which was tested 
and found to be practically homogeneous. The couples were made by 
mounting the wires on a cardboard and then fusing the ends together in 
an electric arc. Two separate couples were made in this manner, one 
composed of 24 junctions for use in measuring the rise in temperature of 
the calorimeter water, and the other composed of 12 junctions for use in 
measuring the difference in temperature of the outlet water from the 
calorimeter and inner guard ring. 

The junctions of the couples were wrapped separately with thread and 
dipped in cellulose acetate solution to prevent short circuiting. The 
legs of each couple were then sealed in 6 mm. glass tubes with the same 
solution. The junctions to the lead wires of both of these couples were 
sealed with casein in test-tubes, which were immersed in oil in order to 
insure equal temperatures. 

These differential couples were calibrated by the use of two “‘thermos” 
bottles, three standard thermometers and the precision potentiometer. 
One leg of the couple to be calibrated was inserted in a stopper with one 
standard thermometer so that the immersion mark on the thermometer 
was at the top of the water in the bottle. The other leg of the couple was 
arranged in the second bottle with another standard thermometer. 

The water in one bottle was brought to 17-18°C and one leg of the 
couple and thermometer inserted. This leg of the couple was marked 
so that it would be placed in the colder water in the future tests. Care 


Measurement of 


The Thermocouples 
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was always taken to have the couple and thermometer at the same depth. 
The other leg of the couple and Fahrenheit thermometer were inserted 
in the other bottle containing water at a little higher temperature than 
that in the first bottle. After the temperature of the water in both 
bottles became practically constant the potentiometer and thermometers 
were read as nearly simultaneously as possible. The water in the second 
bottle was warmed slightly and the same procedure followed. This 
process was continued until the limit of the Fahrenheit thermometer 
scale was reached. With greater temperature differences the —18°C to 
110°C thermometer was used in the warm water. The same procedure 
was continued until a temperature difference of 40°C was obtained. The 
calibration curves for the large couple were plotted on a large scale so that 
temperatures could be read directly to 0.05°C. ‘The e. m. f. generated by 
the large couple was practically twice that of the small couple for the same 
temperature difference. A galvanometer deflection of 1 cm. with the small 
couple was equivalent to an average of 0.02°C temperature difference. 
For 0°C difference in temperature the deflection was practically nil.! 


Method of Conducting Tests 
The thermal conductivity tests were made on 
the following walls: 


The Walls 


1 9 -inch carborundum No. 1A 
2 4'/s-inch carborundum No. 1B 
3 4'/,-inch carborundum No. 1C 
4 4!'/,-inch carborundum No. 

5 4!/.-inch carborundum No. ‘ 
6 4'/2-inch carborundum No. 
7 4'/,-inch carborundum No. ! 
8 9 -inch carborundum No. 1A and 4!/.-inch fire clay No. 26 
9 9 -inch carborundum No. 1A and 4!'/,-inch fire clay No. 75 
10 4'/,-inch carborundum No. 1C and 4!/.-inch fire clay No. 26 
and 4'/>-inch fire clay No. 26 
and 4'/,-inch fire clay No. 75 
and 4!/s-inch fire clay No. 26 
and 4!/,-inch fire clay No. 26 
and 4'/s-inch fire clay No. 26 


bo 


11 4!/s-inch carborundum No. 
12 4'/.-inch carborundum No. 
13 4!/.-inch carborundum No. 
14 4'/.-inch carborundum No. 
15 4'/>-inch carborundum No. 


bo bo 


The brick used were all standard 2!/: x 4'/2 x 9-inch. 


Before making up the test walls the brick were arranged in the posi- 
tion in which they were later to be placed in the wall. It was necessary 
to grind down the edges of several of the brick so that they would fit 
together closely. The brick were then placed approximately 1/3: inch apart 
to allow for the layer of cement, and, by the use of a templet, the positions 
of the three holes for measuring the temperature gradient were marked. 

1 This electrical measuring equipment was designed and installed by W. G. Soley, 
of this laboratory, whose valuable assistance is hereby acknowledged. 
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In the 9-inch walls the brick were placed so that the temperature 
gradient was through the 9-inch dimension. In the 4'/:-inch walls they 
were placed so that the gradient was through the 4'/:-inch dimension. 

In the tests on composite walls the carborundum walls were insulated 
with fire clay brick. These brick were arranged so that the gradient was 
through the 4'/s-inch dimension. The temperature gradient holes through 
the insulating walls were made to coincide with those in the carborundum 
wall. The joints of the two walls were made to mis-match as much as 
possible. 

The carborundum test brick were all laid up with a fine plastic car- 
borundum cement of similar composition to that of the brick. A plastic 
fire clay cement was used in laying up the fire clay brick. After the 
wall was completed the surface under the calorimeter and guard rings 
was covered with a thin layer of the same cement which was later smoothed 
off and made perfectly flat with a steel straight-edge. 

After completing the conductivity test on the single wall, the insulating 
wall was laid up in the same manner. A thin layer of fire clay cement 
was also placed between the walls to insure perfect contact. 

After drying the test wall, the calorimeter and 
guard rings were placed against it so that the 
temperature gradient holes in the brick coincided with those in the calo- 
rimeter. The apparatus was then held firmly against the wall by means 
of clamp screws that were fitted to the framework shown in Fig. 3. 

After the calorimeter and guard rings were ad- 
justed the apparatus was connected to the water 
lines. The furnace was heated for approximately 12 hours to obtain 
1500°C in the combustion chamber. The oil supply to the burner was then 
regulated so that the temperature of 1500°C +15°C would be maintained 
throughout the test. The air supply to the burner was kept constant. 
In the meantime, the clamp on the outlet tube from the calorimeter was 
regulated so that the flow of water was not over three kilograms per 
minute. The clamp of the outlet tube of the inner guard ring was also 
regulated so that the temperatures of the water from the calorimeter and 
guard ring were approximately the same. The flow of water through the 
outer guard ring was hand regulated throughout the test so that the tem- 
perature was within 5°C of that of the calorimeter. 

After the furnace had been kept at equilibrium for approximately 
'/, hour, the rise in temperature of the calorimeter water was determined 
by the potentiometer and the difference in temperature of the calorimeter 
and guard ring outlet water also determined. Close adjustments were 
then made on the outlet tube of the inner guard ring until the temperature 
difference in the outlet water of the two compartments was within 0.2°C, 
i. e., 10 cm. deflection as indicated by the galvanometer. If the change 


Set-Up of Calorimeter 


Heating of Furnace 
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in potentiometer reading was not over 1 cm. or 0.1°C in '/: hour, the 
furnace and apparatus was considered to be in equilibrium and ready for 
the test. It usually required two to two and one-half (2 to 2'/:) hours to 
secure equilibrium after the furnace was heated to 1500°C. 
The Set-Up of The three thermocouples for a the 
Thermocouples temperature gradient were fitted with /rinch 2- 
hole insulators and inserted in the protection tubes 
and pushed back as far as possible into the holes in the wall. The in- 
sulators were then clamped to the slider and the elements were bent so as 
to prevent any movement through the insulators. The cold junctions 
of the couples were inserted into glass tubes in a “‘thermos”’ bottle filled 
with ice. 

With the couples arranged in this manner, they were connected to a 
potentiometer and the temperature readings taken simultaneously in 
three points in the wall. 

After the apparatus was in equilibrium and the couples arranged as 
described above, the actual test was started. The first temperature 
gradient readings were taken with the couples in the wall at full depth. 
The slider was then pulled out 0.4 inch and readings taken. This was 
repeated until the slider reading was 4 inches, after which the couple was 
moved to its original position and the readings taken. During this time 
the water passing through the calorimeter was collected and weighed. 
After balancing the dry cells of the potentiometer against the standard 
cell, the slidewire readings were taken for zero deflection of the galva- 
nometer. The temperature difference between the outlet water of the 
calorimeter and inner guard ring was also read. If the deflection was 
greater than 10 cm. or 0.2°C adjustments were made on the clamp 
on the outlet tube of the guard ring to equalize the temperatures. Tem- 
perature readings were taken every five minutes for one hour. The total 
weight of water flowing through the calorimeter during that time was then 
obtained. 

With the thermocouples in their original position the same process was 
repeated as a check test. Thus for 4!/:-inch walls two one-hour tests 
were made with the furnace at practically a constant temperature. For 
the composite walls each test required 1'/; hours. The temperature 
gradient readings were taken every 0.5 inch instead of every 0.4 inch 
as in the 4!/2 inch-walls. 

After completing the tests on a wall, the couples were marked at the 
end of the protection tubes when they were at full depth. The protection 
tube was also marked at the face of the calorimeter. The couples and 
tubes were then removed and measurements taken to determine accurately 
the depth of the hot junction of each couple in the wall at the initial 
position. 
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With the temperature of the inner guard ring 
equal to that of the calorimeter the total heat 
flow QO, from both faces of the calorimeter was 
equal to the sum of the heat flow from the test 
wall Qyw and that from the air Q, through the opposite face. The value 
of Q; was found by the formula: 


Qr = 


Calculation of 
Thermal 
Conductivity 


W Xt 
where W = wt. of water in grams 
t = °C rise in temp. of water 
T = time in seconds 
A = area of the calorimeter in sq. cm. 


Therefore, Qr is in gm. calories /cm.*/sec. 


ll 


Q,4 was determined by the formula: 
Qa = Kilt — &) 


where K, = ther. condy. of '/s” asbestos cover in gm. cals./em.*/°C/sec. 
t; = temp. in °C of air 1 inch in front of calorimeter 
tg = av. temp. in °C of calorimeter 


t 
ee where #; is the temp. of the outlet water of the calorimeter. 


~ 


Therefore, Qr — Q4 = Qyw in gm. cal./cm.?/sec. 


The data and calculations of 4'/,” of carborundum No. 4, Run No. 29, 
Test No. 55, are as follows: 


Av. temp. of calorimeter outlet water.................. 30.2°C 
Av. temp. of air 1” in front of calorimeter.............. 56.2°C 
14.97°C 
14.97 
Av. temp. of cal. = 30.2 — Q 22.7°C 
Area of calorimeter (effective).................-20-008- 64 sq. in. 
Conductivity of asbestos cover (!/,” thick)............. 0.00116 cal./cm.*/°C/sec. 
Or = RD = 1.306 cals./cm.*/sec. 


60 X 60 X 64 X 2.54? 
Qa = 0.00116 (56.2 — 22.7) = .039 cals./cm.*/sec. 
Qw = Or — Qa = 1.267 cals./cm.*/sec. 
Qw (Test No. 56) = 1.270 cals./cm.*/sec. 
Av. = Qw (2 tests) = 1.269 cals. /cm.?/sec 


Since the temperature gradients and the heat flow for the two tests did 
not usually vary over 2-3%, the averages were taken for the determina- 
tion of the thermal conductivity. When there was a greater variation 
than this the run was repeated. The average temperature gradient curves 
for the single and composite walls are shown in Figs. 6, 7 and 8. These 
curves are extrapolated through the last '/, inch to the fire side of the 
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sotemperatures could be 
read directly to 2°C and 
ere] distances to 0.01 inch. 
By the use of these 
curves the gradient or 
temperature drop per 
unit distance could be 
rately at any tempera- 

Fic. 6. follows: 


Ow XL X 2.54 
(t:—ts) 


K 
where L = distance in wall in inches; 4;—# = temp. drop in °C. 
Therefore, K is in gm. cals./em.*/°C/sec. 
Run No. 29, AVERAGE OF TEsTs No. 55 AND 56 


Temperature gradient 
(Av. of 6 curves) 


Thermal conduc- 


Temperature, Av. temp., Temp. diff., Distance, tivity K in 
= in. gm. cal./em.3/°C/sec. 
780— 822 801 42 0.22 0.0169 
880- 920 900 40 .0177 
986-1014 1000 28 .16 .0184 
1080-1118 1099 38 .22 .0187 
1176-1220 1198 44 ood .0198 
0.22 
Kan = 1.269 X 2.54 X 2 = 0.0169 gm. cal./cm.?/°C/sec 
This graphical method HHH 
perature gradient was 
found to be less in- 
volved and more accu- 
rate than the one used | 
the equation of the AA EEE 
curve from three known pO 


points. The thermal Fic. 7. 
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conductivity at different temperatures was then determined by taking 
the first derivative of the equation. Obviously starting with the assump- 
tion that the temperature gradient curve was a parabolic section, the 
thermal conductivity-temperature curves were necessarily straight lines 
since the first derivative of a second degree equation is a linear function. 

In our work it was found that the thermal conductivity-temperature 
curves were not all linear functions. It was also found that it was prac- 
tically impossible to calculate an equation for the gradient curve that 
would fit the actual data accurately. For these reasons the above de- 
scribed graphical method was used for calculating thermal conductivities. 
Brick Used for. The Nos. 1A, 1B, 1c brick gerd made of car- 
Thermal borundum recrystallized in an electric furnace. 

- Ihe other carborundum brick contained ceramic 
Conductivity Test 

bonds and were kiln fired at approximately 

1350°C. The brick No. 26 were 

coarse, fairly open, first quality 

fire clay. Brick No. 75 were ex- 

tremely porous fire clay products 
also fired at about 1350°C. 

In selecting the brick for test 
the apparent densities of several 
were first determined, and only 
those whose apparent densities 
were near the average of the lot Fic. &. 
were used in the test wall. In 
the wall directly under the calorimeter the brick with no greater varia- 
tion in apparent density than 0.04 gms./cc. were used. 

After the completion of the tests on each wall the brick under the 


Litt 


TABLE I 
Carbo Carbo Carbo Carbo Carbo Carbo Carbo Fire clay Fire clay 
No. 1A No. 1B No. 1C No. 2 No. 3 No. 4 No. 5 Yo. 26 No. 75 
Apparent den- 
sity (grams 
per cc.) 3:08 -3:07. 3.30 3.48 3:36. 2:3. 0.47 
Porosity! 3.1.3.8. 6:4. 17.7 BA. BS 
Ignition 0.17 0.00 0.00 0O.88 0.24 0.02 0.10 0.31 0.00 
SiO, 8.02 4.50 4.50 14.72 23.31 36.80 38.76 58.50 56.90 
SiC 91.51 93.20 93.20 80.10 68.50 52.60 48.35 
Al,Os 0.20 1.33 1.33 1.47 5.58 8.10 11.63 34.48 37.70 
Fe,O; 0.65 1.03 1.03 1.33 1.57 1.97 1.97 3.52 2.37 
1.80 1.74 
CaO 0.29 0.82 
MgO 0.62 0.20 
Total 100.55 100.06 100.06 98.50 99.20 99.49 100.81 99.52 99.73 


1 Calculated assuming sp. gr. SiC = 3.17; sp. gr. fire clay = 2.60. 
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calorimeter were sampled for chemical analysis. The samples were 
taken from the central, vertical section of the test wall. 

The average apparent densities and chemical analyses of the brick are 
shown in Table I. 


Results 


‘ai In the preliminary work a 9-inch carborundum 
See Cey wall was used and checks made on two separate 
runs (Nos. 3 and 5). ‘Tests were then made on the same wall backed 
with various kinds of insulation after which another run (No. 10) was 


TaBLe II 
Temperature, Heat flow Thermal conductivity 
Run no. S Gm. cal./cm.*/sec. Gm. cal./em.3/°C./sec. 
3a 640-1295 1.525 0.0416 
3b 665-1340 1.582 .0417 
5a 685-1320 1.392 .0390 
5b 678-1330 1.498 .0408 
Average 1.499 .0408 +0.0004 
10a 672-1205 1.305 .0404 
10d 710-1283 1.358 .0391 
Average 1.332 .0398 + .0005 
Average of 3 runs 1.415 .0403 + .0004 


made on the 9-inch wall to check the original results, and to determine if 
there was any change in the conductivity due to changes in the refractories. 
The results of the three 


TTT T Ti 
ar runs on the 9-inch wall 
These tests show that 
EE) wall can be relied upon 
approximately 
shown in Table III. 
tort The curves showing the 
HH +H AH change in thermal con- 
ductivity with tempera- 
ture are shown in Figs. 
IG. 9. 
9,10and11. It will be 


noted in Fig. 9 that the thermal conductivity for carborundum brick does 
not change rapidly with temperature. With the practically pure carbo- 
rundum refractory the thermal conductivity is constant at temperatures 
from 650°C to 1350°C. 
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Carborundum 
wall Insulation 
9” Carbo 
No. 1A None 
9” Carbo 4'/,” Fire clay 
No. 1A No. 26 
9” Carbo 4'/,” Fire clay 
No. 1A No. 75 
4'/,” Carbo 
No. 1B None 
4'/," Carbo 
No. 1C None 
4'/," Carbo 4'/," Fire clay 
No. 1C No. 26 
4!/," Carbo 
No. 2 None 
41/," Carbo 4'/," Fire clay 
No. 2 No. 26 
4'/," Carbo 4'/,” Fire clay 
No. 2 No. 75 
4'/," Carbo 
No. 3 None 
4'/," Carbo 4'/,” Fire clay 
No. 3 No. 26 
4!/," Carbo 
No. 4 None 
4'/." Carbo 4'/,” Fire clay 
No. 4 No. 26 
4'/.” Carbo 
No. 5 None 
4'/,"Carbo 4'/,” Fire clay 
No. 5 No. 26 
Effect of Gas 
Diffusion 


Per cent ‘Gm. cal/ B.t, 
i em.*/sec. 


SiC 


91.51 


91.51 


91.51 


93 . 20 


93.20 


93 .20 


80.10 


80.10 


80.10 


68 .50 


68.50 


52.60 


52.60 


48.35 


48.35 


TaBLe III 


Av. heat flow 


1.415 


0.215 


0.075 


1.801 


2.314 


0.293 


2.170 
0.241 


0.074 


1.476 


0.254 


1.269 


0.289 


1.369 


0.302 


h 
18,780 
2,850 


990 


19,590 


3,370 


16,840 


3,840 


18,170 


4,010 


u,/ft.2/ 
r. 


Temp. 
at 1350° 
(2462°F) 


C/em, °F/in. 
35.2 160.7 
14.0 64.1 


10.1 46.2 


41.9 191.7 


42.7 195.1 


9.4 42.7 


56.8 260.0 


12.0 54.8 


5.8 26.5 


52.5 240.0 


13.8 63.1 


62.2 284.5 


15.4 70.4 


77.0 352.0 


17.0 78.3 


ward toward the calorimeter. 

The surface of this wall on the fire side was not coated with cement as 
in the case with the other walls. Attention has been called by Howe and 
Phelps! to the abnormal effects on thermal conductivities due to penetra- 
tion of hot gases through the refractories. 


1 Howe and Phelps, Jour. Amer. Ceram. Soc , 5, 420 (1922). 
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Ther. condy. 


of Carbo wall 
ae at 1350°C (2462°F) 


Gm. 
cal./om.*/B.t.u./ft.2/ 


°C/sec. 
0.0403 
0.0153 


0.0074 


0.0430 
0.0542 


0.0314 


0.0382 
0.0201 


0.0127 


0.0281 


0.0184 


0.0204 


0.0187 


0.0178 


0.0176 


in./°F/hr. 


116.9 


44.4 


51.1 


We believe that the high values for the carbo- 
rundum brick No. 1C are due to gas diffusion out- 


|| 
‘ 

21.5 

23,900 124.8 

30,710 157.3 

91.1 

3,200 58.3 

980 36.9 

81.5 

53.4 

59.2 

54.3 
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In order to determine the relation between the 
thermal conductivity at a given temperature and 
the percentage of silicon carbide in the carborun- 
a . dum brick, it was necessary 


to consider the effect of the 


Effect of Porosity 
of Refractory 


porosity of the brick. In the 
case of the fire clay brick with 
26% and 74% porosities it 
was found that the thermal 
conductivity -at 1350°C was 
approximately inversely pro- 
portional to the porosity. 
With the assumption that the 
same relation would hold for 
carborundum brick the ther- 
mal conductivities at 1350°C 

Fic. 10. 
for the uninsulated walls were 


calculated for zero porosity, 


and 35 7o porosity as shown CITT 
in Table IV. Figure 12 | 
shows the change in conduc- 


tivity with increased percent- | 
ages of carborundum for these 


porosities. 
Conductivity Figures 10 
Related and 11 show i 


te Heat Flow the very rapid 
rise in thermal conduc- 
tivity in the carborun- 
dum portion of the 
composite walls. In 
comparing the thermal 
conductivities of the 
single and insulated car- 
borundum walls, in 
Table III, it is noted 
that there is a marked 
decrease in the conduc- 
tivity at a given tem- 
perature when the car- 
borundum is insulated. 
Fic. 12. This: indicates that the 


— 

od tat 

igi-< 
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TABLE IV 
THERMAL ConpbucTivity AT 1350°C 
Experi- Calc. Cale. Cale. Calc. Calc. Calc. 
Single Per cent Percent mental for0% forl5% for20% for25% for30% for35% 
wall SiC porosity value porosity porosity porosity porosity porosity porosity 


Carbo 

No. 1A 91.51 34.1 0.0403 0.0649 0.0552 0.0519 0.0487 0.0454 0.0422 
Carbo 

No. 1B 93.20 33.8 0.0430 0.0611 0.0519 0.0489 0.0458 0.0428 0.0397 
Carbo 

No.2 80.10 18.4 0.0382 0.0468 0.0398 0.0374 0.0351 0.0328 0.0304 
Carbo 

No.3 68.10 20.7 0.0281 0.0354 0.0301 0.0284 0.0266 0.0248 0.0230 
Carbo 

No.4 52.60 17.7 0.0204 0.0248 0.0211 0.0198 0.0186 0.0174 0.0161 
Carbo 

No.5 48.35 18.9 0.0178 0.0219 0.0187 0.0176 0.0165 0.0154 0.0143 
Fire clay 

No. 26 0 26.8 0.0038 0.0052 0.0044 0.0041 0.0039 0.0036 0.0034 


conductivity is related to the heat flow or temperature gradient. Figure 
13 shows the relationship between the thermal conductivity at 1350°C 
and the heat flow. It will be noted from these curves that in the 
case of single walls where the temperature gradient is large, the change 
in conductivity with heat flow is small compared to that in case of com- 
posite walls. The con- 
clusion to be drawn 
from this is that ther- 
mal conductivity data 
for carborundum ob- 
tained with large tem- 
perature gradients is 
only applicable in fur- 
nace walls where similar 
conditions are present. 
With highly insulated ++ 
walls the effect of the 


temperature gradient yc. 13.—Thermal conductivity-heat flow curves for 
on the thermal conduc- carborundum brick. 


tivity should be taken 

in consideration. ‘This added variable in the calculation of heat balances 

will, of course, complicate furnace problems, but it is of such a magnitude 

in the case of carborundum that it cannot be neglected. 

Surface and Joint In using thermal conductivity data in these 

Sieshebenee problems the question of surface and joint re- 
sistances to heat flow in the walls has often been 

raised. It is expected that the joint resistances of various walls would 

be approximately the same, but gas-film resistances at the inside surfaces 
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would be quite variable in different installations depending chiefly upon 
the velocity of the gases in the furnaces. In our experimental work the 
velocity of the gases was kept approximately constant, but the tempera- 
ture at the hot surface was measured in only one wall. The temperature 
of the gases in the combustion chamber is not the same as that at the 
surface of the brick unless the heat flow through all the furnace walls is 
uniform. In the tests on the single walls the heat flow through the test 
wall was several times greater than that through the furnace walls so the 
temperature at the surface of the test wall was considerably lower than 
that of the furnace gases. The average difference between the tempera- 
ture at the surface from the curves, Fig. 6, and that of the gases was 
found to be 260°C. 

In the case of the composite walls the heat flow through the test wall 
was approximately the same as that through the furnace walls so that 
the average difference between the temperatures at the surface from the 
curves in Fig. 7 and that of the gases was approximately 80°C. To 
confirm this calculation a test was carried out on a 4'/2- inch fire clay wall 
and the temperature drop at the hot surface of the brick was measured. 
This was done by drilling a '/s-inch hole through the last '/,-inch of the brick 
in the center temperature gradient hole and inserting a Pt: Pt-Rd thermo- 
couple with '/s- inch insulators into the hole until the junction was even 
with the surface of the brick. The temperature gradient curve obtained 
as in a regular test was then extrapolated to the hot surface brick and the 
difference in the two surface temperatures thus obtained was the measure 
of the surface resistance. The temperature drop at the fire clay surface 
was found by this method to be 95°C. 

The joint resistance between the carborundum and the insulation in 
the 9- inch composite walls was determined by extrapolating the tempera- 
ture gradient curves in each wall to the joint. The average drop due to 
this joint resistance was found to be approximately 30°C. This agrees 
with the results obtained by F. T. Snyder' regarding the comparatively 
low temperature drop at the joints at high temperatures. In calculating 
the resistances to heat flow through composite walls the assumption 
may therefore be made that the temperature drop at the hot surface is 
approximately 80°C, and that at each joint is 30°C. 


Application of Results 


Single Walls In the refractories through which the maximum 

heat transmission is desired comparatively thin single 
walls are used if they have sufficient strength to withstand the necessary 
loads. For comparison in such cases calculations (Table V) have been made 


1 Snyder, Jour. Amer. Electrochem. Soc., 18, 235 (1910). 
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Furnace Outside Surface 
2732 1112 144 
2372 968 144 
2012 824 144 
1652 680 144 
2732 1256 144 
2372 1094 144 
2012 932 144 
1652 770 144 
2732 446 144 
2372 392 144 
2012 338 144 
1652 284 144 
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TABLE V 
Brick Total Ki 
temp. temp. carbo 
drop, a B.t.u./ft.2/ B. u. / Heat flow 
in./ °F /hr. °F /hr. B.t.u./ft.2/hr. 
4'/,"” Carbofrax 
1476 1620 108.5 35,600 
1260 1404 107.4 30,100 
1044 1188 106.2 24,700 
828 972 105.0 19,340 
4'/," Refrax 
1332 1476 117.0 34,600 
1134 1278 117.0 29,500 
936 1080 117.0 24,350 
738 882 117.0 19,200 
4!/," Fire clay 
2142 2286 8.42 4,010 
1836 2980 7.84 3,200 
1530 1674 * 7.26 2,470 
1224 1368 6.68 1,820 


on the amount of heat energy transmitted through carbofrax, refrax, and fire 
clay walls for temperatures of 2732°F, 2372°F, 2012°F, and 1652°F (1500°C, 
1300°C, 1100°C, and 900°C), in the combustion chamber. The thermal con- 
ductivities used in these calculations were the mean values obtained from 
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actual tests over the temperature ranges shown in Figs. 14, 15 and 16. 
On these gradient charts the temperatures of the outside surface are 
approximate with the temperature of the surrounding air about 20°C, 
and the brick are exposed to no appreciable amount of wind. 


In all 
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these gradients the temperature drop due to the gas film on the hot sur- 
face of the brick is assumed to be 144°F (80°C). Itis, of course, understood 
that this value is subject to variation with different velocities of the gases 
in the combustion chamber. The furnace used for test was, however, 
operated under conditions very similar to those in commercial furnaces 
so 80°C represents the magnitude of the surface drop in these furnaces. 

The heat flow curves (Fig. 17) show the amount of heat energy trans- 
mitted in B.t.u./sq. ft./hr. through walls with various temperature drops 
which include in each case the surface drop of 80°C. Thus, it is only 
necessary to measure the temperature of the gases and that of the outside 
surface and the heat loss per unit area for this temperature drop is at 
once found. In cases where calculations are to be made for electric fur- 
naces the same curves can be used if the temperature of the hot surface is 
measured. This temperature is then 80°C lower than that of the fur- 
nace gases. 

From these curves (Fig. 17) the enormous 
amount of heat transmitted through carborundum 
as compared to that transmitted through fire clay 
is shown. With a temperature drop of 1450°F 
there is seventeen times the amount of heat energy conducted through the 
refrax as through fire clay of the same thickness. In actual practice there is 
seldom the same drop in the two cases, but even with the temperature 
drop shown in Figs. 14, 15 and 16 there is approximately nine times 
the heat conducted through the carborundum as through fire clay. The 
values (Fig. 17) for carbofrax are slightly lower than those for refrax. 

In a radiation fur- 


Comparison of Fire 
Clay and of Silicon 
Carbide 


mace where the heat is 
COC removed quickly from 
(there being a large 
AAT or it is at once seen from 
furnace would be re- 
=o res duced by the use of 
COC fire clay or similar re- 
Fic. 17 ovens, Dressler kilns, 
‘. 


“Carbo Radiant”’ fur- 
naces, etc., in which the quantity of heat transmitted through a wall is very 
large, the high thermal efficiency of carborundum is at once recognized. 
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From the charts (Figs. 14, 15, and 16) the surface temperature of carbo- 
rundum as compared to fire clay will also be noted. This high temperature 
together with the high emissivity, which has been found to be nearly 
double that of fire clay, makes carborundum refractories excellent radiators 
of heat. 

In applications in which the heat transmission 
is not so important as the diffusivity, it is desirable 
to know the relative time required to heat the 
refractories to a given temperature. In the calcu- 
lations on carbofrax, refrax, and fire clay assumptions were made that 
one surface of the wall was perfectly insulated, that is, no heat lost, and 
the other surface heated uniformly at 1350°C (2462°F) (the operation 
temperature of many commercial muffles). 

In making these calculations Ingersoll and Zobel’s' formula was used. 


— — 
4c 4 


3r 


Relative Time 
Required to Heat 
Refractories 


where 7; = Temperature of insulated surface in °C 
T: =. Temperature of hot surface on °C (constant) 
L =. Twice the thickness of the wall 
k =, Thermal conductivity in C. G. S. units 
c = Specific heat in C. G. S. units 
Density 
= k/cd 


=a 
1 


The value of the last term is negligible except when ¢ is very small. 

The thickness of the wall was assumed to be three inches. ‘The thermal 
conductivities, densities, specific heats, etc., used in the calculations are 
shown in Table VI. It will be noted that the value of the thermal con- 
ductivity used for carbofrax and refrax decreases quite considerably 
with the temperature drop. These values were obtained from curves 
showing the relationship between temperature drop and thermal conduc- 
tivity. Different values for time were then substituted in the above 
formula until a temperature drop corresponding to the conductivity used 
was obtained. The mean value of the thermal conductivity of fire clay 
was used over the temperature range from 20°C to 1350°C (2462°F), 
the conductivity of fire clay being independent of the temperature gradi- 
ent. The relative heating time for these three refractories is shown in 
Fig. 18. From these curves it is found that the time required to heat a 
fire clay wall to within 162°F of the hot surface is 4.9 times that of refrax 
and 6.3 times that of carbofrax. 

In all intermittent furnace operations the time required to heat. the 
furnace walls to a given temperature is an important factor entering in 


1 Glazebrook’s “Dictionary of Applied Physics,” page 466. 
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TaBLE VI 
Carbofrax 
d = 2.45,c = 0.18, L = 6” 
Time, B.t.u./ft.2/in./ Temp. T: 
min, °F /hr. drop, °F °F °F 
1 111.0 2338 2462 124 
3 111.0 1595 2462 867 
5 111.0 1026 2462 1436 
8 111.0 531 2462 1931 
ll 92 .8(392°F) 401 2462 2051 
12 92.8(392°F) 301 2462 2161 
18 69.7(257°F) 252 2462 ‘ 2210 
40 42.4(140°F) 104 2462 2358 
90 24.7( 77°F) 36 2462 2426 
Refrax 
d = 2.05,c = 0.16, L = 6” 
1 117.0 2200 2462 262 
3 117.0 1210 2462 1252 
5 117.0 644 2462 1818 
6 117.0 473 2462 1989 
11 81.3(392°F) 349 2462 2113 
20 50.8(257°F) 238 2462 2224 
40 29.0(158°F) 139 2462 2323 
100 14.5( 95°F) 63 2462 2399 
Fire Clay 
d = 2.04,c = 0.19, L = 6” 
10 7.26 2374 2462 88 
30 7.26 1876 2462 586 
60 7.26 1156 2462 1306 
90 7.26 706 2462 1756 
120 7.26 430 2462 2032 
150 7.26 263 2462 2199 
180 7.26 160 2462 2302 
210 7.26 97 2462 2365 
240 7.26 59 2462 2403 


fuel and labor costs. In selecting the best refractory to be used the first 
cost of the installation may be comparatively high, but this is more than 
offset by the economies in the operation. Such is the case with carborun- 
dum especially in heat treating, enameling muffle furnaces, etc., which 
perhaps costs ten times as much as fire clay, but commercial reports show 
40-50% increase in production and approximately the same percentage 
decrease in fuel costs without considering the saving of time and labor. 

The heat capacity of the charge in most of these furnaces is very low 
compared to that of the muffle, usually below 5%, so at least 95% of the 
heat supplied by the gases is absorbed by the refractory walls or lost 
through the doors and back wall. In the calculations on the heat capacity 
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of furnace walls the assumption was made that there was no loss of heat 
from one surface and that the other surface was uniformly heated at 
1350°C. 

Such conditions are approached in most oil and gas fired muffles, since 
the flue side of the wall is heated quite rapidly to a fairly constant tem- 
perature, and the heat loss from the wall on the other side to the charge 
is very low (2-5%). ‘The loss through the doors and back wall depends 
upon the furnace construction, but this is usually a small percentage of 
the total heat supplied. At least, it would be very much the same in 
the two cases under consideration. 

By referring to Fig. 18 then, the relative heating time required in the case 
of carborundum and fire clay muffles can be emphasized, that is, assum- 
ing the same thick- 


T TTT T 
ness of the walls. ScSSEERRSEESSSREEEEG! 
Carborundum muffles 

are usually made with ces 
walls 1 to 1.5 inches 

| 
thinner than fire clay T 
muffles so that the =} EEE 
heating time for these 

muffles is decreased 


actual installation. 


+4 


muffles the tempera- Hy 


wall is usually below 
100°C, while in the 
fire clay it is 350-400°C so that the flue temperatures must be main- 
tained at 250-300°C higher in order to attain the proper muffle tempera- 
ture in a reasonable length of time. 

In a large percentage of furnaces in which car- 
borundum refractories have to be insulated, it is 
very necessary to select the proper kind and amount 
of insulation. Many insulating materials do not withstand high tem- 
peratures, others withstand the temperatures but transmit too much 
heat. Nine inches of insulation having a low thermal conductivity 
may be sufficient in one furnace, while 13'/: inches or 18 inches may be 
required in others. The amount of insulation may be limited to the 
available floor space in a particular plant. With added insulation the 
increase in the radiation surface may cause excessive heat losses, etc. All 
these factors make the question of insulation a complicated one. 

In order to assist in the solution of some of these problems calculations 


Composite 
Furnace Walls 


- 
. 
. 
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have been made on six insulated carborundum walls for various tempera- 
ture drops. 

Since it was found in our experimental work that the thermal con- 
ductivity (K) of carborundum varied with the amount of heat energy 
(Q) transmitted, it was first necessary to determine the equation for the 
relationship between these variables in further calculations in compos- 
ite walls. The equations were found to be as follows: 

(1) For Carbofrax: K? — 0.00557K — 0.001220 = 0 
(2) For Refrax: K* + 0.0133K — 0.002040 = 0 
(from conductivity data) 


In an insulated wall composed of, for example, 41/2” of carbofrax, 
4'/,” of fire clay and 4'/2” of highly insulating material, the relationship 
between the heat flow and the conductivity of each portion of the wall 
was expressed by the equation 


45X2.44 (1 K-1 1, K3) 
where 7;—7: = Total temperature drop through the wall (excluding the drops at the 
surface and joints) 


K = Mean thermal condy. of carbofrax in C. G. S. units 
Kz, = Mean thermal condy. of fire clay in C. G. S. units 
K; = Mean thermal condy. of insulation in C. G. S. units 


Ke—K; determined over the approximate temperature range in each 
section of the wall. 


In using this equation the temperature drop (7,— 72) was assumed and 


then solved simultane- 
HA ously and the heat flow 
| each section of the wall 
ier was determined by the 
Fic. 19. K 


Thus, the results were checked if the sum of the temperature drops in 
each wall was equal to the total assumed drop. 

By the use of this method, the heat transmitted through composite 
walls was calculated for both carbofrax and refrax backed up with fire 
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clay, insulation, and fire clay and insulation combined. ‘The tabulation 
of the results is shown in Table VII and the heat flow curves for these 
six walls plotted on Fig. 19. The temperature drop shown on the curves 


TEMP. OF FURNACE GASES_/N 


includes the surface drop of 80°C as in the single walls. 
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The joint drop 


used in the gradient charts (Figs. 20-25 inclusive) was assumed to be 30°C, 
the average value determined by the actual tests on composite walls. 
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In insulating carborundum refractories the materials selected should 
withstand the maximum operating temperatures. 
fuse and crack excessively at temperatures above 1050 to 1100°C. 
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TaBLe VII 
Ki Kz Ks 
carbo fireclay insulation Heat 
Sur- B.t.u./ B.t.u./ B.t.u./ flow 


face Brick Total ft.2/  ft.2/ ft2/ Btu/ 


hour hour hour hour 
4!/," Carbofrax, 4'/,” Fire Clay, 4'/:” Insulation 
252 2268 2520 32.8 10.44 1.74 716 97 
252 1935 2187 31.0 9.58 1.74 604 .86 
252 1602 1854 27.9 8.72 1.45 423 68 
252 1269 1521 25.8 7.88 1.45 329 58 


4'/,” Refrax, 4'/.” Fire Clay, 4!/2” Insulation 


carbo, c 
° 


252 2268 2520 16.3 10.44 1.74 690 191 
252 1935 2187 13.9 9.58 1.74 571 184 
252 1602 1854 10.4 8.72 1.45 395 171 
252 1269 1521 8.4 7.84 1.45 301 162 
4'/," Carbofrax, Fire Clay 
198 2142 2340 60.9 8.42 3520 259 
198 1836 2034 55.5 7.84 2800 227 
198 1530 1728 49.7 7.36 2150 194 
198 1224 1422 44.2 6.68 1580 162 
4!/," Refrax, 4'/2” Fire Clay 
198 2142 2340 50.3 8.42 3440 308 
198 1836 20384 438.3 7.84 2710 281 
198 1530 1728 36.0 7.26 2060 257 
198 1224 1422 28.5 6.68 1470 234 
4!/,” Carbofrax, 4'/.” Insulation 
198 2304 2502 36.9 2.03 987 121 
198 1971 2169 33.1 1.74 725 99 
198 1638 1836 31.1 1.74 602 86 
198 13805 1503 27.3 1.45 401 67 
4'/,” Refrax, 4'/.” Insulation 

198 2304 2502 20.9 2.09 950 203 
198 1971 2169 16.3 1.74 680 191 
198 1638 18386 13.9 1.74 571 182 
198 13805 1503 9.9 1.45 366 167 
gradients (Figs. 21 and 24) such 


as shown in Figs. 22 and 25. 
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materials could not be 
used unless the operating temperature (furnace gases) was below 1300°C. 
Where it is necessary to run at higher temperatures the carborundum 
must be backed up with a higher temperature material, usually common 
fire clay (Figs. 20 and 23), but the heat losses through this material are 
The practice then, is to use both the fire clay and insulation 
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The principal use of the additional layer of fire clay is to lower the 
temperature gradient, since it does not reduce the heat losses appreciably 
as shown in Fig. 19. The difference between curves 1 and 2 (Fig. 19) 
indicates the small insulating value of this material. 

In many furnaces it is necessary to use perhaps 18 inches of common 
fire clay in order to lower the gradient so that the insulation will with- 
stand the temperatures. All this fire clay material does decrease the 
heat losses by “straight line’ conductivity, but it increases the heat 
capacity and radiating surface so greatly that this advantage cannot be 
considered. 
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Conclusions 


In addition to the numerical values for the thermal conductivity of 
carborundum refractories containing various percentages of silicon car- 
bide and fire clay, we can draw from the data the following conclusions: 

1. The thermal conductivity of practically pure carborundum is con- 
stant for temperatures ranging from 650° to 1350°C. 

2. The thermal conductivity of ceramically bofided carborundum in- 
creases with increasing temperature. 

3. The thermal conductivity of carborundum refractories decreases 
with the increase in percentage of fire clay bond. 

4. The temperature gradient through a carborundum wall increases 
with the increase in percentage of fire clay bond in the brick. 

5. The thermal conductivity of fire clay is approximately inversely 
proportional to the porosity. 

6. At any given temperature the thermal conductivity of carborundum 
increases as the amount of heat energy transmitted is increased. 
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7. At any given temperature the thermal conductivity of the fire 
clay is practically independent of the amount of heat energy transmitted 
within the range investigated. 

8. The temperature drop due to the gas-film resistance at the hot 
surface of insulated furnace walls is approximately 80°C under these 
experimental conditions. 

9. The temperature drop due to the joint resistance in composite 
furnace walls is approximately 30°C under these experimental conditions. 

In order to make the experimental data on carborundum refractories 
of more practical value in the solution of furnace problems, calculations 
have been made to apply to a number of commercial applications for the 
determination of: 

10. Temperature gradient and heat transmission through single 
walls as applied to radiation furnaces, coke ovens, ‘Carbo Radiant”’ 
furnaces, tunnel kilns, etc. 

11. Thermal diffusivity of single walls for comparison in muffle and 
other intermittent furnace operations. 

12. Temperature gradient in composite walls for use in selecting the 
insulation that will withstand the operating temperatures. 

13. The heat losses in the insulated carborundum walls. 


Discussion 


C.J. Hupson:' By a perusal of the literature for results of conductivity 
data, a reader will note the lack of agreement among various investigators. 
The determination of the true coefficient of conductivity of a material is 
not an easy thing to make; the apparent result is oftentimes the sum of 
the true coefficient and other factors creeping in to give an erroneous 
result. The authors of this paper have taken great pains to eliminate 
some of these other factors and deserve credit for the careful work which 
they have done. 

The coefficient of conductivity for silicon carbide, as just shown, is 
considerably higher than any other published result for this material. 
If the authors had dgtermined the coefficients for a few other materials 
and had shown them to be in fair agreement with those of other authorities, 
this high result for silicon carbide would be somewhat more conclusive. 
The results given for fire clay compare favorably with some of those pub- 
lished by other observers, but the term fire clay is a loose one to use since 
fire clays differ in properties which in turn may affect their coefficients of 
conductivity. 

A possible explanation for this high result may be in the diffusion of 
the furnace gases through the refractory wall under test. Howe and 


1 Norton Co., Worcester, Mass. 
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Phelps' have shown that a slight pressure in a furnace under fire will appre- 
ciably raise the temperature within refractory walls some distance from 
the fire side. The authors have apparently painted the outside of their 
refractory test walls with a cement, but this would not prevent diffusion 
of the furnace gases into the holes cut for the thermocouples. The fire 
side of the test walls seems to have been covered with cement except in 
one case, but it is doubtful if this covering would prevent the diffusion 
of gases into the thermocouple holes which were cut to within '/, inch of 
the fire side. This doubtful point could have been partially corrected 
had the couples been inserted parallel to the plane of the furnace wall 
instead of perpendicular to it; this change would have also eliminated 
any radiation and conduction errofs in the thermocouple readings. 

The thermal conductivity-temperature curves given in Fig. 9 were found 
to be non-linear functions. This is apparently a mis-statement for all 
seem to be straight lines and some are constructed by drawing them through 
only two observation points. 

The conclusion that the thermal conductivity of silicon carbide at a 
given temperature increases with the amount of energy transmitted is 
interesting. Since this seems to be a property peculiar to silicon carbide 
and not to fire clay an attempt at an explanation of this phenomenon would 
have certainly added weight to the conclusion. If the test to prove this 
had been carried out with the same average temperatures through the 
piece as was used for the determination of the conductivity coefficients, 
the result would have been somewhat more conclusive. 


Conductivity coefficients of silicon carbide and fused alumina refrac- 
tories have been published by Norton Company showing a difference of 
about 159% between them; while these published coefficients appear to 
be too low, it is thought that the relation still holds. The user of re- 
fractories of this type is interested in what conductivity figures will mean 
to him in terms of fuel expenditure. The authors in this paper state— 
“of all the refractory materials available commercially, there is none which 
even approaches silicon carbide or carborundum in its ability to readily 
transmit heat and at the same time have mechanical strength and chemi- 
cal inertness to resist the various destructive forces in modern industrial 
furnaces.”” There are at least two industrial furnaces in operation where 
strict comparisons may be made to show that fused alumina refractories 
do transmit heat as readily as silicon carbide. These two furnaces were 
at one time equipped with silicon carbide muffles and are now equipped 
with fused alumina muffles; in neither case has the fuel consumption in- 
creased; muffle temperatures are approximately the same for the same 


temperature in the ware chambers; and in both of these cases the muffles 


1 Howe and Phelps, Jour. Amer. Ceram. Soc., 5 [7], 420 (1922). 
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were changed from silicon carbide to fused alumina refractories because 
the silicon carbide did not possess the necessary chemical inertness. 

In the transfer of heat through a refractory in a commercial muffle 
furnace the coefficient of conductivity of the intervening refractory is not 
the only factor needing consideration, at least film coefficient and emission 
factor play a part in the drop in temperature between the source of heat 
and the product to be heated. The emission and film coefficients become 
of more importance relative to the conductivity coefficient when the re- 
fractory is thin. There is nothing in this paper to indicate that in these 
two factors silicon carbide differs from other refractories. In practical 
applications they apparently play an important part. 

O. B. Westmont: The data recorded by Howe and Phelps! does in- 
dicate the possible effect of the diffusion of gases through the refractory 
wall upon the thermal conductivity. These data, however, show the 
changes in wall temperatures for quite a wide variation in pressure (+1.0 
to —0.3 inch water). Our conductivity furnace was operated at such a 
very low pressure (0.05 inch water) that I believe the diffusion of gases 
would not affect our results appreciably. 

Our values for the conductivity coefficient of carborundum and fire clay 
refractories do not differ greatly from the values recorded for similar re- 
fractories by most of the previous investigators. 

Our average coefficients for fire clay and highly insulating materials are 
slightly lower than the average plotted by W. Trinks? for the same temper- 
ature range. The value for one commercial ceramically bonded carborun- 
dum refractory, Curve 5, Fig. 9 (p. 272), is approximately the same as that 
recorded by Wologdine for the same material. For the purer carborundum 
refractories the coefficients are, of course, considerably higher. 

The statement that ‘thermal conductivity-temperature curves were 
not all linear functions”’ is correct as given. It is true that these curves for 
carborundum are straight lines, but with insulating materials they are not. 
It will be noted that only the conductivity-temperature curves for the re- 
crystallized silicon carbide materials were drawn through two points. The 
conductivities for these refractories were practically constant for the tem- 
peratures shown (the gradient curves being constant through the major 
portion of the walls) so it was only necessary to indicate the limiting points 
in each case. 

Our investigations show that the thermal conductivity for carborundum 
refractories now on the market is approximately four times that of fused 
alumina for the same temperature range. 

F. H. Norton: I think the authors of this paper should be compli- 
mented on the most complete work on thermal conductivity that has ever 


1 Loc. cit. 
2 “Industrial Furnaces,” p. 67. 
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been done. We must realize that the measurement is one of the most 
difficult that there is. 

On some conductivity tests that we have made on very dense brick we 
found the same condition of a falling off of the temperature at the cool 
face of the brick when using a sliding couple and we were a little sus- 
picious of the result so we finally cemented in the face of the brick a very 
fine couple which should give the true temperature. In that case we found 
that the straight line of the higher temperature portion of the brick con- 
tinued down to the outer temperature reading and the reading on the slid- 
ing couple was several hundred degrees low due to the conductivity of the 
couple wires and I think this is the case in these tests which would make the 
carborundum lower. 

There is another thing that I wanted to bring out in the conductivity 
talk and that is that the conductivity seems to depend on the amount of 
heat carried through the walls. This is something that no one has noted 
before and if substantiated by further tests will prove u very important 
fact. However, it may be that insufficient guarding of the calorimeter in 
the thicker walls causes this phenomena. [If there is a difference in the 
temperature between the center and outside of the calorimeter of only a 
few degrees it will introduce large errors in a wall of the thickness the au- 
thors used. We have found it necessary to use a 27-inch guard ring around 
a calorimeter only four inches in diameter to get a satisfactory guarding 
with high temperature with fairly good conducting brick. 

W. A. Koguier: In regard to the thermal conductivity being compli- 
cated by diffusion of gases, I think the authors have taken reasonable cau- 
tion to eliminate the diffusion of gases as completely as possible, although 
they may not have succeeded in doing so altogether. If we can eliminate 
diffusion and all other factors affecting the conductivity measurements, we 
obtain a true conductivity which is a fundamental physical constant. In 
addition, however, it would also be of value to know what the apparent con- 
ductivity would be in actual installations in which the diffusion of gases 
and all other factors are allowed to take their courses. 

R. F. GELLER: What is the defin‘cion of conductivity? It seems to me 
that conductivity is an inherent quality of the material. 

CHAIRMAN Harvey: ‘The pressure differs. In this particular case it is 
reduced to something like five-hundredths of an inch. 

R. F. GELLER: The question has been asked: “What would have been 
the conductivity if the pressure had been greater?” 

O. B. Westmont: It seems to me that the true thermal conductivity of 
a refractory is an inherent property of the material under certain conditions 
just as specific gravity, specific heat, etc. There are, however, so many 
possible variables entering in the determination of this coefficient that the 
apparent thermal conductivity may be quite different from the true co- 
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efficient. The most practical value then, would be that which is obtained 
under conditions which more closely approach those in commercial fur- 
naces. 

R. F. GELLER: My point is, that the abstract term conductivity is 
being used when “relative conductivity” or perhaps “actual heat con- 
ducted” is probably meant. This would, and should necessitate de- 
fining the conditions under which the trials were made. 

O.B. WESTMONT: I believe we should define all the conditions whenever 
we determine our conductivity data, but I do not believe we can stand- 
ardize them. If we secure data under one pressure we have no definite 
law, such as Boyle’s law, for instance, by which we can calculate the 
coefficient at a different pressure. The same would apply for low tem- 
perature conductivity determinations. 

In regard to the calorimeter guard ring referred to by Mr. Norton, we 
found that we had practically linear flow of heat through the test wall 
under our calorimeter with an 18-inch guard ring. The temperature 
gradients (Figs. 6,7, and 8) are the average of the measurements in the three 
holes in the test wall. The curve for each gradient hole in a given wall did 
not coincide with the others in many cases due to slightly uneven heating 
on the fire side. The curves were, however, usually parallel showing that 
there was practically no lateral flow of heat. 

A. S. Watts! AND R. M. Kinc: Dr. Hartmann and Mr. Westmont em- 
phasize the conclusion that the conductivity of carborundum increases with 
the quantity of heat actually transmitted. It appears to the writers that 
two conclusions can be drawn from this data, one being mentioned above 
and the other that Fourier’s law does not hold under the conditions of the 
experiment. 

It is our impression that Fourier’s law is based on a condition of kinetic 
equilibrium within the material being tested. However, if we back up 
a wall of material of high thermal conductivity with a wall of material of 
low conductivity we cannot expect the outer wall to take away the heat 
as fast as the inner wall can deliver it, hence we would expect a damming 
up of heat at the joint and there would soon be developed a zone where 
the heat is in static equilibrium or rather what we might call a reservoir 
where heat is flowing out as fast as it is flowing in This being the case 
the conditions of Fourier’s law have been changed and hence we feel that 
we cannot agree with the authors’ conclusion. We would rather con- 
clude that Fourier’s law does not apply in this particular case. 

It is unfortunate that Dr. Hartmann and Mr. Westmont did not obtain 
more data on carborundum walls of varying thickness. We would like 
to compare the data obtained on a 9-inch wall of a particular grade with 


1 Dept. of Ceramics, O. S. U., Columbus, Ohio. 
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that obtained on a 4'/:-inch wall of the same material, but this is not 
possible with the data available. However, we note that a 9-inch wall 
of Carbo No. 1A allows the passage of 1.415 C.G.S. units of heat with 
the resulting conductivity calculated as .0403 C.G.S. units, and a 4'/- 
inch wall of Carbo No. 1B conducts 1.801 units at the rate of .0430 units, 
and a 4'/s-inch wall of Carbo No. 1C conducts 2.314 units at a rate of .0542 
units. Following the conclusion of the paper we could say that this in- 
crease in conductivity is due only to the increased heat energy transmitted. 
This is to be expected if we accept Fourier’s law. But we would ask why 
the increased transmission of heat? We can account for at least a part 
of this by the higher silicon carbide content in 1B and the increased density 
in 1C. However, when we note a decrease in heat flow in the composite 
walls we explain this by saying that the fire clay will not transmit the heat 
as rapidly as will the carborundum. 

We would like to call attention to the fact that Carbo No. 4 conducts 
less heat than does Carbo No. 5 and yet No. 4 has a conductivity of .0204 
and No. 5 a conductivity of .0178. Again No. 5 uninsulated conducts 
four and one-half times as much heat as when insulated but the conduc- 
tivity is the same in both cases. 

If the authors’ conclusions are correct regarding carborundum brick, 
1. é., that increased transmission of heat increases conductivity, why 
would not any other refractory when backed up with a good insulator 
show an increase in conductivity with increased quantity of heat trans- 
mitted. A fire clay brick backed up with a kieselguhr brick, should dis- 
play the same properties as the carborundum backed up with fire clay 
brick. Dr, Hartmann and Mr. Westmont have not presented any data to 
show that this is not true. 

M. L. HARTMANN AND O. B. WEsTMONT:' Replying to the third para- 
graph of the discussion by Watts and King, further accurate conductivity 
data are always desired, and in this case may be forthcoming at a later 
date. As noted in the paper, the increased heat transmission in the wall 
1C is partly explained by the diffusion of gases from the furnace, which 
experimental defect was corrected in the other experiments. 

In comparing the conductivities of two similar walls both the heat flow 
and temperature gradients of each must be taken into consideration. The 
thermal conductivity is, obviously, not directly proportional to the heat 
flow. 

With those refractories having a high percentage of fire clay bond, the 
change in conductivity with heat flow in insulated walls becomes iess pro- 
nounced. The limit of this change is in the 100% fire clay brick in which 
the conductivity is apparently independent of the heat flow. 


1 Written reply to Watts and King discussion. 
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M. L. HARTMANN AND O. B. WEstmMonT:' Mr. Hudson’s skepticism as 
to the accuracy of our data because they do not conform to other published 
information on the thermal conductivity of carborundum refractories 
seems to us to be hardly justified. Examination of the literature dis- 
closes the following: 


Firing temp., Temp., °C Thermal condy., 
Composition S. units 
Wologdine:* 1300 87% SiC 300-650 0.019 
1300 87% sic 230-440 0.027 
1300 75% SiC 420-1000 0.015 
Linbarger :? 1350 10% Clay Bond 0-1000 0.024 
Moores:* 900 0.0235 
Beecher (Norton Co.) :5 10% Clay Bond 650-1250 0.00982 


Even with the considerable variation in composition and burning con- 
ditions, there appears to be fairly good agreement as to the order of mag- 
nitude of the coefficient, with the exception of the last reference. 

We have investigated to some extent the surface film and the emissivity 
factors of carborundum and fire clay refractories. The surface temperature 
drop due to the gas film resistance under our test conditions was not ap- 
preciably different in carborundum (80°C) from that in the fire clay (95°C). 
The emissivity of carborundum (page 279) was found to be nearly double 
that of fire clay. ; 

There appears to be scanty experimental evidence to show so small a 
difference as 15% between the thermal conductivities of silicon carbide and 
fused alumina refractories. The results of Watts and King® show that 
the conductivity of “Carbofrax B” is 3.39 times that of ““Alundum” at 
approximately 1000°C. ‘The value recorded by Beecher for “Alundum” 
is .00833 C.G.S. units for temperatures ranging from 650-1250°C. Our 
values for two kinds of “carbofrax’’ refractories for the same temperature 
range (Curves 4 and 5, Fig. 9) are 2.86 and 4.19 times this value for 
“Alundum.” 

The extended use of carborundum refractories for heat transmission in 
the past few years seems to indicate conclusively the composite opinions 
of furnace users as to the superior property of carborundum to conduct 
heat over that of any other refractory material. There are conditions in- 


1 Written reply to C. J. Hudson’s discussion. 

2 Wologdine, Electrochem. and Met. Ind., 7, 383 (1909). 

* Linbarger, Chem. and Met. Eng., 19, 489 (1918). 

4K. T. Moores, Thesis, Mass. Institute of Technology. 

5 Beecher, Jour. Amer. Ceram. Soc.,7 [1], 19 (1924). 

* Watts and King, Jour. Amer. Ceram. Soc., 6 [10], 1075 (1923). 
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volving chemical activity under which carborundum does not have suffi- 
cient life for economical operation, but as a good transmitter of heat, it is 
not approached by any other refractory material. 

P. NicHo.is:' ‘The conclusion arrived at by the authors that the ther- 
mal conductivity of a material, or for carborundum at least, varies at a 
given temperature with the rate of heat flow is so revolutionary that it 
calls for immediate proof or rebuttal by further tests introducing different 
test conditions, or eliminating possible sources of error. The fundamental 
principle of all heat conduction is based on the independence of conduc- 
tivity and the rate of flow; proof to the contrary would require its entire 
revision and some new concept of the mechanism of conduction. More- 
over, the tests show that the variation is not small but (see Fig. 13) at 
1350°C is several hundred per cent. 

That the thermal conductivity may and does vary greatly with tem- 
perature is of course true, but even then one would expect to find changes 
in some other physical characteristics of the material if the variation were 
abnormal, such as from fusing or melting. 


The authors suggest that since the material is cellular the conductivity 
variation with rate of flow may be due to the radiation factor of the trans- 
mission across the small air spaces. That such an action would cause the 
conductivity to vary with the rate of flow is correct, and if the amount were 
appreciable, the normal heat conduction mathematics could not be applied. 
The magnitude of this action can be estimated if definite structural con- 
ditions are assumed, but the mathematical expressions become rather 
complicated. However, it is not difficult to show that it is small even for a 
structure in which all the transfer is by repeated radiations, and none by 
conduction of the air between the successive layers of material. Imagine 
a slab made up of very thin parallel laminae with no thermal resistance. 
If heat flows through this by radiating from one surface to another, it can 
be shown that the equivalent conductance coefficient, C, between two 
surfaces, one being at a temperature 7 degrees absolute temperature, 
would be of the form C = a(T* + T( AT)?), where ais a constant, and AT 
the small difference in temperature between the faces of the two laminae. 


It is evident that the value of C would vary rapidly with the temperature 
T, and since the AT would be proportional to the rate of heat flow, C would 
depend on that also. Since there are many laminae, T(AT)* would al- 
ways be small compared with 7*. Arithmetical illustrations could be 
given but the above shows that the effect of the rate of heat flow would be 
small in itself and moreover that it would be entirely masked by the rapidly 
increasing temperature coefficient of the conductance, varying as 7°. 


1 Heat Transmission Engineer, U. S. Bureau of Mines, Pittsburgh, Pa. Reed. 
March’ 26, 1925. 
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In a cellular material the radiation factor part of the heat transfer will 
itself be small compared with the conduction factor, so that the AT effect 
will become insignificant. 

Since there is apparently no other action that might account for the 
results obtained, it is more reasonable to look for test errors. Assuming 
the computations are correctly made, the most probable source of error 
would be the temperature measurements through the refractory, as all 
computations for conductivity depend on the shape of these curves. The 
errors in measuring the heat absorbed by the calorimeter should not be 
large and would only slightly affect the values here discussed. The measur- 
ing of temperatures by means of holes drilled in the direction of the heat 
flow is wrong in principle, has often been found to give inaccurate results, 
and has been used seldom. ‘The use of the wires to give three sets of 
couples would add to the capacity to carry away heat from the couple 
points and lower their temperatures, and the passing of their wires through 
the metal of the calorimeter may possibly assist in the cooling. 

An opposite action may have occurred due to hot gases passing through 
the thin layer of material at the hot end of the hole, or the two actions may 
have been combined. 

Whatever may have been the cause, the temperature curves themselves, 
Figs. 6, 7, and 8, show very unlikely tendencies. Figs. 7 and 8 show a 
considerable and extended curvature when they pass from one material to 
another. The correct values would give sharply defined changes of slope, 
with some indication of the joint resistance. The humps in the curves of 
Fig. 6 indicate a large and rapidly accomplished change in conductivity 
at a comparatively low temperature which would have to be accounted for. 
Curve 1 of Fig. 8 shows an even larger change at a still lower temperature. 

If these curvatures are not justifiable, then the slopes of some other part 
of the curves must be changed to take them out, and such alterations might 
do away with the differences due to rate of flow. 

The above are of course only suggestions and surmises, and one would 
never deny the possibility of some previously unknown action being dis- 
covered. It does seem improbable, however, that such large departures 
from normal actions should be confined to one material, without some in- 
dication of it being previously noted in others. 

The summation of these variations with heat flow are shown in Fig. 13; 
from these it is to be concluded that with small rates of heat flow the con- 
ductivity approaches zero, that is, the material tends to become a perfect 
heat insulator. In heating up a material the rates of flow must be small 
before they can become large, and therefore the logical conclusion would 
be that, since they could never start to transmit heat, they would never 
heat up, or would do so very slowly if the conductivity tends to approach, 
but does not reach zero. 
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M. I. HARTMANN AND O. B. Westmont:' In reply to Mr. Nicholls’ 
discussion, further work is in progress to confirm our conclusions that the 
apparent thermal conductivity of refractories at high temperatures does 
change with heat flow. There exist so very few reliable thermal conduc- 
tivity data on walls transmitting varying amounts of energy (especially 
at high temperature) that no one is warranted in categorically denying the 
possibility of a change of apparent thermal conductivity with variations 
in heat flow. 

Before starting this investigation we made a thorough study of the pos- 
sible methods of measuring the conductivity coefficient at high tempera- 
tures and concluded that the one employed by Dudley was the most ac- 
curate and at the same time most practical for use under actual operating 
conditions. A casual examination of the discordance of the results of 
previous investigations is sufficient to justify the adoption of this method in 
preference to those used by the earlier investigators. 

The use of thermocouples for measuring the temperature gradients is 
undoubtedly the most accurate method. It is true that these couples do 
conduct some heat, but this does not affect the results appreciably. Re- 
gardless of the position of the wires relative to the direction of heat flow in 
the test wall, it is evident that practically the same amount of heat would 
be carried away by conduction through the couple wires. 

The curvatures in Figs. 6, 7, and 8 at the wall joints and near the calorim- 
eter are due to inaccuracies in measuring surface temperatures at joints. 
So many factors, such as surface irregularities, local convection currents, 
etc., affect the temperatures at joints and surfaces that we expected 
“unlikely tendencies’ and consequently did not use the data in our cal- 
culations on furnace walls. Because there are recognized inaccuracies in 
these joint measurements, there is no justification in assuming a similar 
error in the measurements in the major portion of the test wall. 

In using either fixed or movable couples for measuring the temperature 
gradient there is a certain temperature differential between the interior of 
the solid brick and the junction of the thermocouple, but this differential is 
constant. Since it is constant at different positions the slope of the gradi- 
ent curve is realized and we have an accurate basis for calculating the 
thermal conductivity. In using fixed couples for measuring gradients, 
either a prohibitive number of couples would be required or assumptions 
have to be made that the gradient is uniform between the couple junctions. 

The portion of the curves near zero in Fig. 13 indicate the trend of the 
thermal conductivity-heat flow curves. These curves, however, should not 
have been drawn through the zero point, and may be accurate only so far 
as the last indicated observation. 


1 Recd. April 7, 1925. 


QUANTITATIVE DETERMINATION OF THE DEVELOPMENT OF 
MULLITE IN FIRED CLAYS BY AN X-RAY METHOD! 


By Louis Navias 


ABSTRACT 

Firing clays alone or with fluxes to high temperatures results in the formation of 
mullite crystals in a highly siliceous vitreous mass. Quantitatively, the extent to which 
mullite in clays is developed by firing to cone 10 has been determined for Ivory Fat 
English ball clay, Great Beam ball clay, Jernigan Tennessee ball clay, M. & M. English 
ball clay and A-1 English china clay. 

The method consisted in procuring X-ray patterns by the powder method of the 
clays fired with feldspar as a flux, using mullite as a reference material. The intensities 
of the lines in these photographic films were then compared with the intensities of lines 
obtained from a series of mullite and feldspar mixtures, fired to vitrify the flux. 

The results given in Table II indicate that each clay develops the maximum quan- 
tity of mullite in crystalline form, which the chemical composition of the clay allows. 


Introduction 


At the present time the fact is fairly well established that heating a clay 
to high temperatures results in the formation of the crystalline compound, 
mullite,? the aluminum silicate, 3Al,03.2SiO2, which in former days was 
erroneously considered and recorded as sillimanite. Mellor and Holdcroft® 
maintained that the formation of sillimanite in kaolinite when heated over 
1200° was due to the recombination of the free alumina and free silica 
formed at about 500°. Vernadsky‘, however, believes that a kaolin at 
420-530° forms an anhydride Al,Si,O;, leverrierite. After polymorphic 
changes at higher temperatures the nucleus at 930-950° breaks up during 
an exothermic reaction setting free SiO. It is not the province of this note 
to deliberate on these different views other than to indicate that at these 
higher temperatures a crystalline aluminum silicate is formed. With our 
present knowledge of the subject it is safe to assume that the compound is 
mullite. 

More recently Kraner® has followed the development of mullite in fired 
clays by means of the changes in refractive index of the aggregates of ma- 
terial resulting from heating the clays to successive temperatures. The 
keynote to his paper is contained in the sentence ‘Because we cannot see 
crystals of sillimanite in the (clay) mass is not sufficient cause to state 
that submicroscopic or colloidal crystalline sillimanite is not present.” 
His conclusions in part are: 

“‘Sillimanite development seems to be a gradual rather than a sudden one. 


1 Presented at the Annual Meeting, AmeriIcAN CERAMIC Socrgety, Columbus, 
Ohio, Feb. 1925. (White Wares Division.) 

2.N. L. Bowen and J. W. Greig, Jour. Amer. Ceram. Soc., 7 [4], 238-54 (1924). 

3 J. W. Mellor and A. D. Holdcroft, Trans. Ceram. Soc. (Eng.), 10, 94-120 (1910-11). 

4W. J. Vernadsky, Trans. Ceram. Soc. (Eng.), 22, 398-401 (1922-23). 

5 Hobart M. Kraner, Jour. Amer. Ceram. Soc., 7 [10], 726-34 (1924). 
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With progressive heating it probably begins as soon as the clay molecule 
is dehydrated.” 

“Sillimanite development apparently takes place as abundantly in clays 
which do not contain impurities as in those in which early fluidity operates 
to promote the size of crystals.” 

Apart from the theoretical interest in the subject of the development of 
mullite in clays, or in compositions which contain clays, there is also the 
practical aspect which would benefit from a solution of the problem of the 
extent to which mullite is developed in fired clays. Searle! states that 
“Ideal porcelain should consist of a mixture corresponding to the formula 
Al,03.SiOz2 (sillimanite) and a fusible glass which binds the other particles 
firmly together. When materials capable of producing such a mixture are 
heated to a sufficiently high temperature they will form a felted mass of 
sillimanite needles bonded with a glass cement.” Aside from the plas- 
ticity necessary for working a porcelain composition it is important to 
know whether a ball clay contributes as much as a kaolin to the fired prod- 
uct with regard to the development of mullite as interlocking crystals, and 
whether individual clays of any type may be classified according to,this 
property. 

As will be shown later, resulting from the molecular transformations 
which a clay undergoes in firing there is left in the magma a superabundance 
of (free) silica. And there is some justification in Reichau’s? remark that 
“silica in a (porcelain) body does not aid, but actually prevents the growth 
of sillimanite...... ,”’ in criticizing Searle’s* statement ‘‘the chief purpose 
of the clay and some of the free silica in all porcelain is to produce the felted 
mass of sillimanite crystals, which form the skeleton of the finished ware and 
to provide a reinforcement which will prevent undue distortion of the ware.” 

Our purpose was therefore to obtain some quantitative evidence of the 
extent to which mullite is formed in fired clays, and especially in combina- 
tion with a flux like feldspar, somewhat simulating conditions obtained in 
practice. The method was that of making direct comparisons between a 
set of standards containing known percentages of mullite and fired clays 
containing unknown quantities of mullite, by means of the intensities of 
the mullite pattern obtained on photographic films by exposing the ma- 
terials to X-rays. 

Historically it is interesting to note Zoellner’s‘ results. By heating clays 
to high temperatures and then disintegrating the products in hydro- 
fluoric acid, he obtained a residue of mullite crystals. He concluded that 
cone 10 (ca 1300°) had to be reached before the mullite could be obtained, 


1A. B. Searle, ““The Chemistry «and Physics of Clays.” London, 1914, p. 375. 
*K. H. Reichau, Keram. Runds., 38, 1-26 (1924). 

* A. B. Searle, loc. cit., p. 377. 

* Zoellner, Brit. Clay Worker, 22, 40 (1913). 
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and that the plastic clays gave only 3-5% mullite whereas the lean clays 
(kaolins) gave 25% under similar conditions of firing. 


Materials Experimented With 
, Mullite was prepared in quantity by fusing pure 
Mullite 

silica and alumina in the correct proportions to 
give 3Al,03.2SiO.. The raw materials were well mixed and placed in a 
flat rectangular sagger. An arc was struck between two large graphite 
electrodes imbedded in the mixture, whereby the mass at the center was 
fused. The electrodes were moved apart until the resistance to the cur- 
rent became too great to maintain the arc. After cooling, the fusion 
was removed. It consisted of a large cake of crystalline material sur- 
rounded by unfused and partially fused batch. The latter was removed 
by grinding, yielding a mass of mullite crystals, some over an inch in length. 
Microscopic examination of a thin section, and of the powder of the inner 
mass revealed the needle structure and optical properties of mullite. After 
a few trials, products free from glass were easily obtained. 

The clays experimented with are given in Table I, 
with chemical analyses determined on three of 
the samples. The analysis of the M. and M. ball clay is an approximate 
one supplied to us by the producers of the clay. The chemical analysis of 
the feldspar is also included. 


Clays 


TABLE I 

CHEMICAL ANALYSES OF CLAYS AND FELDSPAR 

Jernigan Ivory fat M. and M. A-1 Eng. 

Tenn. ball Eng. ball Eng. ball china Derry 

clay clay clay clay feldspar 

SiO: 50.80% 54.62 51.55 42.10 63.82 
Al,Os 27.75 25.32 30.70 38.83 20.50 
Fe,0; 1.95 1.62 2.33 0.81 ai 
CaO 0.40 0.62 0.47 0.56 0.50 
MgO 0.88 0.95 0.20 0.66 0.61 
K,0 n.d. n.d. n.d. 11.05 
n.d. n.d. n.d. 3.59 
Ign. loss 17.80 16.20 13 .37 17.28 0.40 

99.58 99.33 100.00 100.24 100.47 
Mol. ratio 
SiO, 
— 3.11 3.66 2.86 1.84 
Al,Os 


The clays were fired to cone 91/2 in a commercial 
kiln, and pulverized for X-ray examination. 

Each of the clays in the raw state was mixed with 
feldspar in the proportions of 60 parts clay and 40 
parts feldspar, made into cones and fired in a com- 
mercial kiln to cone 10'/2. A pulverized portion of every fusion was taken 
for the comparisons. The feldspar and clay in each instance had vitrified, 


Clay Series 


Clay-Feldspar 
Series 
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and microscopically the only crystalline materials present were mullite 
crystals developed from the clays during the heating and cooling, and the 
quartz fragments introduced as an impurity. 

Mullite-Feldspar ; Mullite, finely ground was mixed with feldspar 
Satin in proportions of 0, 5, 10, 15... .50% and made into 
cones which were fired to cone 9'/2. The feldspar 
fused to a glass and did not attack the mullite appreciably. ‘The resulting 
fired cones were ground to powders to form a series of mullite standards 
from 0 to 50% with feldspar glass as the diluent. The quartz content of 
the feldspar was less than 1%. 


Experimental Procedure 

One-half of a fine capillary glass tube having a 
partition at the center was filled with the powdered 
fired clay mixed with an equal volume of flour, and the other half with 
powdered mullite mixed with an equal volume of flour. The flour merely 
separates the particles and dilutes the material. Each tube, with a photo- 
graphic negative held in an arc of a circle behind it, was then exposed to 
X-rays! for 165 hours. In this manner a photographic film was obtained 
on which the lines on the upper half represent the crystalline materials in 
the clay, whereas the lines in the lower half are representative of the refer- 
ence substance, mullite. 

In all cases the fired clays gave intense X-ray patterns identical with 
that of muilite, indicating that they all contained large quantities of mul- 
lite. However, the lines were too intense to enable a comparison to be 
made of the relative contents of mullite in the different clays. 

By a similar process, X-ray patterns were ob- 
rs <a tained of the clay-feldspar series, with the mullite 

eries 

as the reference material in each case, each sample 
having been diluted with flour. Again the only pattern obtained for each 
of the clays was that corresponding to the mullite. Under the conditions 
of exposure to X-ray there was no evidence of any quartz lines on the 
films, although quartz was known to be present in the ball clays. 
Mullite-Feldspar Each of the mullite-feldspar series containing 
Seiten from 0 to 50% mullite in increments of 5% was 
treated as an unknown. The reference substance 
mullite was mixed with flour. Every photographic film thus contained in 
the upper part the lines due to the mullite diluted with feldspar, and in the 
lower part the lines of the pure mullite. The intensities of the more promi- 
nent lines of the pattern increase as the percentage of mullite in the series 
becomes greater, and there is no difficulty in detecting differences of in- 


Clay Series 


1 For details and principle of power method see article in Gen. Elec. Rev., 1925, by 
W. P. Davey. 
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tensity between them. The film of the 100% feldspar was blank except 
for a few extremely faint lines corresponding to the small quantity of 
quartz present. 


Quantitative Determination of Mullite Content in Fired Clays 

A direct comparison was then made between the ratio of intensities of 
the two sets of lines on a clay-feldspar film with the ratio of intensities of 
the two sets of lines on each of the films of the mullite-feldspar series. 
Where the relative intensity of the unknown lay clearly between two stand- 
ards an average value was taken. For every match of intensities a simple 
calculation gave the percentage of mullite contained in the respective 
clay. The quantity of mullite developed in each fired clay calculated as a 
percentage of the raw clay is listed in Table IIT under the heading ‘‘Mullite 
determined.”’ 

At first appearance the percentage quantities seem rather large. It is 
then interesting to compare the percentages of mullite thus found in the 
fired clays with the maximum percentages of mullite which can theoretically 
be found from the alumina and silica contents of the clays. The calcu- 
lated values are given in the column headed “Mullite calculated’’ and are 
based on the chemical analyses of the raw clays. 

Within the estimated experimental error of about +5% the calculated 
and determined values agree surprisingly well and they lead to the in- 
terpretation that the clays experimented with whether ball clay or china 
clay when fired to cone 10 (about 1300°) develop in a crystalline form the 
maximum quantity of mullite which their alumina and silica contents 
will allow. Notice should be taken of the fact that two of the ball clays 
developed only half of the mullite accredited to the china clay. 


TABLE II 
MULLITE DEVELOPED IN CLAYS FriRED To Cone 10 
Molecular 
proportions 
Mullite Mullite 
SiOz calculated determined 

Ivory Fat Eng. ball clay............. 3.00 10.98 35% 33% 
Great Beam ball clay................ 33 
Jernigan Tenn. ball clay.............. 3.00 9.33 38 40 
M. and M. Eng. ball clay............ 3.00 8.58 43 50 
3.00 5.52 54 60 


The values are given as weight percentages of the respective raw clays. 
To show the great excess of silica that must necessarily remain in the 
magma the silica-alumina ratios of the clays have been calculated on a basis 
of 3Al,0; to have a common term with the mullite formula. In the china 
clay the excess of silica is about 4 moles, whereas in the ball clays the ex- 
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cess silica varies roughly between 6 and 9 moles. With so large an excess 
of silica present, it is to be expected that at higher temperatures and in the 
presence of fluxes, partial solution of the mullite will take place, and as the 
excess of silica becomes greater the quantity of mullite remaining in the 
cooled magma will be correspondingly decreased. This condition will 
become more pronounced when silica is added to the composition, as for 
example, quartz or flint in porcelain. The development of a crystalline 
phase is intimately connected with the viscosity of the magma and the 
presence of large quantities of silica in the mixture, will tend to inhibit the 
crystallization of mullite on account of the increasing viscosity as the silica 
dissolves in the melt. 

By a rational analysis the Ivory Fat English ball clay was found to con- 
tain 15% free quartz, leaving 36% SiOz combined with 28% Al,O;, thus 
giving a silica-alumina molecular ratio of 2.2. ._Old analyses gave, on dis- 
counting the free silica, molecular ratios of 2.1 for the Ivory Fat English 
ball clay, and 2.0 for the M. and M. English ball clay. The A-1 English 
china clay on the other hand was practically free from quartz and had a 
molecular ratio of roughly 1.8. A review of the literature shows similar 
proportions for washed clays and for clays whose chemical analyses specif- 
ically state the free silica content. In the former the free silica has been 
removed, while in the latter allowance can be made for the free silica. 

The TiO, and Fe,0; content of a clay is another factor which cannot be 
overlooked in a study of the subject. Bowen, Greig and Zies,’ have 
shown that the inclusion of these oxides in the composition of the mullite 
affects its optical properties. It would seem plausible then to assume that 
these oxides combine with silica and add their quota to the total mullite, 
crystallizing out. 

With the extreme variations of the silica-alumina molecular proportions 
of 1.8 and 2.2 calculation shows that a clay with the smaller ratio can de- 
velop 68% mullite, whereas the clay with the larger ratio can develop 
61%, these percentage values being based on the alumina and silica con- 
tents only, which will apply to fired clays that contain no other oxides. 
The difference of 7% mullite obtained between these wide limits is small. 
While no generalizations on this point are intended it is striking how 
closely the argillaceous substance in each of the clays approaches in com- 
position the theoretical molecular proportions of kaolinite, and how small 
an effect the above-mentioned variations have upon the maximum develop- 
ment of mullite in the respective clays. 


Conclusions 


1. By comparing the X-ray patterns obtained from clays, fired either 
alone or with feldspar as a flux, with the X-ray pattern of mullite it is found 


1 Bowen, Greig and Zies, Jour. Wash. Acad. Sci., 14, 183-191 (1924). 
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that the crystalline development in the fired clays is similar to the crystal- 
line compound mullite. 

2. The extent to which the mullite is developed in the clays fired to 
cone 10 has been determined quantitatively, the values being 33, 33, 40 
and 50% for the ball clays and 60% for a china clay, calculated as weight 
percentages of the raw clays. 

3. By calculating the theoretical quantity of mullite which each clay 
can develop from its alumina and silica content, and comparing these cal- 
culated values with the quantitatively determined values of mullite, it is 
shown that within the experimental error each clay, whether a ball clay or 
china clay develops the maximum quantity of mullite, theoretically pos- 
sible. 

4. From the limited number of clays experimented with it appears that 
there is only a small difference, if any, between the clay substances of the 
china clay and the ball clays, the criterion being the development of mul- 
lite on firing. 
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A METHOD OF CONTROL OF ENAMEL FOR DIPPING 
FLAT WARE! 
By R. R. FussELBAUGH AND B. T. SWEELY 
ABSTRACT 
Development of varying specific gravity to control the dipping consistency of 
ground coat. The necessity of constant mill load and milling. Most efficient milling 
reached when '/2% of glass was retained on 150-mesh screen. 


The object of the tests is to develop a practical method of control of the 
dipping operation on flat ware. Such a method must be one which can be 
readily introduced into the shop for quick and practical results. As the 
ground coat enamel is the first as well as the most important coat to be 
applied to the steel, experiments were made with this enamel and with 
favorable results. 

Standards, whereby enamel shops may govern their various products, 
operations, etc., have long been sought by the enameler and it is quite 
possible that the experiments and the results thereof described in this paper 
may be beneficial. 

In attacking the problem of control of our dipping and draining, our 
object was to secure a method of controlling the enamel at the dipping tubs, 
whereby a uniform thickness of coating of enamel could be secured day 
after day, and a method of control of the milling operation which would 
deliver a uniform enamel to the dipping tubs. 

Since heavier or thinner enamel is secured by adding at the tubs either 
heavier enamel or water, we decided it would be feasible to control the 
dipping consistency by specific gravity determinations or weights per unit 
volume. 

Throughout this investigation a standard mill charge was used in each 
instance mentioned and consisted of the following: 


1000 Ibs ground coat frit 10 lbs. borax 
100 Ibs. ground flint 2 Ibs. soda ash 
60 Ibs. clay water 


To vary the specific gravity water was added to our standard slip as it 
came from the mill, and weights taken of a constant volume for variations 


TABLE I 
Number Pounds per liter Appearance after firing 
1 3.98 Too thick 
2 3.89 Too thick + 
3 3.85 Good 
4 3.79 Thin 
5 3.75 Thin. Started to fire out 
6 3.71 Fired out 


1 Presented at the Annual Meeting, AMERICAN CERAMIC SocrETy, Columbus, Ohio, 
Feb., 1925. (Enamel Division.) 
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in the water content; trials were then dipped in the various samples and 
fired with the results as given in Table I. 

The results of these trials indicated that the enamel used was milled finer 
than necessary. Another mill was therefore started and samples drawn 
from the mill at various times. Screen analyses of these samples were 
made with the following results. 


TABLE II 
Pgr Cent oF GLASS RETAINED ON SCREENS 
Mesh 
Milling ~— — 
time, hrs. 150 120 100 80 60 
12 14.56 9.88 5.36 0.90 0.18 
14 10.77 5.60 1.79 .26 .07 
I 7.04 4.03 .86 .14 .02 
18 4.98 3.01 .64 .12 .O1 
20 3.16 1.73 .25 .02 
22 2.02 .87 .13 .O1 
24 1.39 .68 .07 
26 .97 .42 .04 
28 .70 26 .02 
30 .16 .06 
32 .29 .12 .O1 
34 .19 .07 .O1 
36 12 .04 


A sample of this slip was dried and found to contain 25.23% water. 
Samples from the above milling were made up to a weight of 3.85 Ibs. 
per liter, trials dipped in them and fired with the results shown in Table ITI. 


TABLE III 
Milling % loss 

time, hrs. by drying Lbs. per liter Appearance after firing 
16 28 .64 3.85 Fair. A little too thin 
20 28 .97 3.85 Good. A little thin 
24 29.17 3.85 Good. Correct thickness 
30 29.25 3.85 Fair. A little thick 
36 28.91 3.85 Poor. Too thick 


Since we had secured the best results with our standard mill charge 
when run from 20 to 24 hours, and had found it necessary to add a certain 
amount of water to this enamel in order to secure the weight of 3.85 pounds 


TABLE IV 
Per Cent oF GLASS RETAINED ON SCREENS 
Mesh 

Milling 
time, hrs. 150 120 100 80 60 
14 3.59 1.63 0.28 0.06 0.03 
16 2.19 .83 .03 .O1 
18 1.19 .07 

20 .26 .02 .O1 

22 .42 .13 .02 


24 .28 .07 .O1 
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per liter, we decided to run another mill trial in which the necessary water 
was added to our standard mill charge in order to bring this enamel! to an 
approximate weight of 3.85 pounds per liter. The results of the screen 
analyses of this trial were as shown in Table IV. 

Trials were dipped in the samples drawn from this mill at the various 
times as shown in Table IV, all of which had a specific gravity of approxi- 
mately 3.83 pounds per liter with the results as shown below (Table V). 


TABLE V 
Hours, 
milling Appearance of fired trials 
14 None made—enamel too thin 
16 Fair 
18 Very good 
20 Good 
22 Good—thick 
24 Good—thick 


The degree of fineness of the frit in suspension has a decided influence on 
the thickness of the enamel which will adhere to the ware in draining when 
all other factors are constant. 

Separate mills of enamel gave like results when the per cent of glass re- 
tained on the same mesh screen was the same, or nearly so, for the separate 
millings at the same specific gravity. 

Variation of the specific gravity of a 
particular slip varies the thickness of 
the enamel coating which will adhere 
to the ware. 

It will be noted from a study of 
Tables II and IV that approximately 
the same degree of fineness was secured 
in 18 hours with a water content of 
about 29% as was secured in 24 hours 
with a water content of 25%. Fur- 
ther study of these tables indicate a 
rather sharp decrease in the grinding 
action of the mill after a certain degree 9 Litt Sil 
of fineness is attained. This point is 
more clearly shown by the accompany- Fic. 1. 
ing curves (Fig. 1). 

In applying the above data to our shop practice we have standardized 
oug mill charge and milling with satisfactory results. All water, glass, 
clay, etc., introduced in the mill charge is accurately weighed and our 
actual milling put under control by use of a revolution counter. The de- 
gree of fineness is frequently checked by screen analyses. The specific 
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gravity of the enamel is daily brought to the standard set before any ware 
is dipped and after every addition of enamel to the tubs, with the result 
that we have almost eliminated our difficulties due to uneven dipping. 

In setting the enamel the foreman is provided with a narrow mouthed 
glass stoppered bottle (quart size). Each bottle is calibrated according 
to its volume, as compared to one liter. The foreman does the weighing 
and knows that for the particular bottle which he is using, the bottle filled 
with the slip he is going to use must weigh just so much for good dipping. 
He adds either water or heavier slip in order to get the slip to the required 
weight. 


BALTIMORE ENAMEL AND NovELTy Co. 
BALTIMORE, Mb. 


GLAZES COLORED BY MOLYBDENUM! 
By WAYNE E. BARRETT 


ABSTRACT 
Molybdenum used as a colorant for glazes has a strong coloring power even though 
used in small percentages, affecting the glaze as R2O;. Both a bright yellow and a blu- 


ish green were secured. 


Molybdenum has a strong coloring power. The oxide was mixed in 
the porcelain batches. These turned a deep blue on drying in the plaster 
molds. When fired to cone 12, the samples had a bluish green color, and 
though both 1 and 2% were used, there was no apparent difference in the 
intensity of the color. Different percentages of oxide of molybdenum were 
added to a bright and to a matt glaze without grinding. The test pieces 
were white hexagonal underfired tile. The color secured was a bright 
yellow. 


Bopy 
38% 
2 and 3% Cone 12 
GLAZES 
Bright 
0.10 CaO 
0.20 K,O 0.25 Al,O; 1.6 SiO, Cone 02 
0.70 PbO 
Matt 2, 4, 6, 10% of MoO; added to each 
0.45 CaO 
0.20 K;O 0.29A1,03 1.87 SiO, Cone 2 
0.35 PbO 


ApDEL CLAY Propucts CoMPANY 
ADEL, Iowa 
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THE ACTION OF ARSENIC COMPOUNDS ON TANK BLOCK? 
By D. J. McSwiney 


ABSTRACT 
Comparison of the average life of soda lime glass tanks melting green glass and those 
melting flint glass in which selenium is used as a decolorizer, where the same or similar 
batch and operating conditions obtain in both cases, shows that the life of the selenium 
flint tanks is invariably much shorter than that of the green tanks. This shortening of 
tank life is independent of the amount of selenium used or the form in which it is used 
but varies with the amount of arsenic used in conjunction with the selenium. 


A much discussed point in connection with the use of selenium as a 
decolorizer for soda lime flint glass is the effect of the decolorizer on the 
life of the tank in which it is used. Most flint glass manufacturers claim 
that by the use of selenium the life of their tanks is greatly reduced. - In 
answer to this the counter claim is made* that decreased tank life through 
the use of selenium is only apparent; that the decreased life is actually due 
to the increased pull exerted upon the tanks through the introduction of 
high speed glass forming machinery during the past decade, and through 
the higher temperatures and more fusible and corrosive glasses used to meet 
this increased pull. 

This may possibly be true of glass tanks in general, but it is none the 
less true that the life of selenium flint tanks has been abnormally shortened, 
as is evidenced by the fact that in any factory where green and flint soda 
lime glasses are made and in which the flint glass is decolorized by the use 
of selenium and arsenic, the life of the green tanks is, on an average, from 
50 to 100% greater than that of the flint tanks, although, the same block 
is used in the two tanks; they are warmed in the same way, the same 
temperatures are used, the same average pull, and the batch is the same 
with the exception of the selenium and arsenic used for decolorization. 
Moreover, in those cases where the introduction of high speed forming 
machinery antedated the change from manganese to selenium, the same 
condition holds—the average life of the manganese tanks was much greater 
than the life of selenium tanks operated under similar conditions with a 
batch which was probably more corrosive than the present selenium batch 
in which little or no niter is used. 


The Case of Selenium 


The type of attack of the present selenium batch differs from that of 
the old manganese batch. The action of the latter was exerted on the block 
in the vicinity of the dog-house and on the rear walls; while the action of 
the selenium batch appears to be an accentuation of the erosive action of 


1 Presented at the Annual Meeting, AMERICAN CERAMIC Society, Columbus, Ohio, 
Feb., 1925. (Glass Division.) 
2R. R. Shively, Bull. Amer. Ceram. Soc., 3 [9], 333 (1924). 
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the glass, being exerted largely on the points where the rate of glass flow is 
greatest, that is on the throat and the block in the working end near the 
troughs. The blame for this increased action has always been put on the 
selenium as this was the only new glass material introduced, and this de- 
spite the fact that there was no particular evidence that selenium should 
have such a corroding action. The amount of selenium introduced into 
the glass for decolorization never exceeded 0.003%; in cases, such as 
selenium ruby, where four hundred times this amount of selenium is used 
there is no evidence of increased block or pot attack; the degree of cor- 
rosion does not appear to be influenced by the form in which the selenium 
is introduced and is independent of the amount of selenium used for de- 
colorization. . 

I have long felt that the corrosion should be ascribed, not to the presence 
of selenium in the glass, but to the use of the arsenic oxide, and an investi- 
gation of the problem from this viewpoint affirms this assumption. 


Corrosion in Proportion to Arsenic Content 


While the increase in corrosion of flint tanks over that of green tanks 
in the same factory and operated under the same conditions does not vary 
as the amount of selenium used for decolorization, it does vary as the 
amount of arsenic so used. The selenium tanks which show the greatest 
average decrease in life are always those in which the greatest amount of 
arsenic is used. Those flint tanks using selenium as a decolorizer but which 
do not use arsenic in conjunction with it, show no decrease in average life 
over similarly operated manganese or green tanks, except where such a 
decrease can be easily attributed to a radical change in batch or operating 
conditions. Some flint tanks using selenium without arsenic show an ap- 
parent average increase in tank life. In the case of one glass manufacturer, 
when selenium was first used in his batch as a decolorizer it was used with- 
out arsenic, and for a period of three years following such introduction 
the average life of his flint tanks was about the same as his green tanks 
operated under the same conditions. To eliminate the brown selenium 
color four pounds of arsenic per ton of sand was then used in the batch and 
during a period of almost three years the life of his flint tanks decreased to 
an average of about eight months compared with an average of twelve 
months for the green tanks over the same period. 

The effect of the arsenic on the block is not limited to flint tanks but 
can be seen in green tanks using arsenic. For example, a green glass 
manufacturer using a high grade sand changed to a local sand containing 
titanium, and to eliminate the off-color caused by the titanium, he used 
five pounds of arsenic per ton of sand in his batch. The average life of his 
tanks dropped from fourteen months without arsenic to about six and one- 
half months with arsenic. As the cost of the arsenic offset the decreased 
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cost of the local sand he returned to the use of the former sand and his tank 
life increased to about eleven months. 

The use of arsenic in glass batches is not new, as it has long been used in 
glass as a clarifying agent, especially in colored glasses. However, its 
use in such cases was more or less isolated and fair comparisons could not 
readily be made. ‘The first time arsenic was consistently used and in such 
a manner that comparisons of its effect could readily and fairly be made was 
in its use in conjunction with selenium for decolorization. It is, moreover, 
a general belief among glass makers that the small amount of arsenic added 
to the batch is completely volatilized from the glass early in the melting 
process; if such were the case, it would be difficult to see how the arsenic 
could affect the block near the working end of the tank. That the arsenic 
is not completely volatilized from the glass is evidenced by the effect which 
it exerts on the selenium color not only during melting but during the entire 
period the glass remains subjected to heat. Moreover, numerous pub- 
lished examples of glass analyses show the presence of varying amounts of 
arsenic in the glass. To endeavor to find about what is the ratio of the 
amount of arsenic remaining in the glass to the amount added to the batch, 
I examined two samples of soda lime glass, one taken from in front of the 
dog-house about eighteen inches below the surface, and the other taken 
from in front of the throat. The batch from which the glass was made con- 
tained about three pounds of arsenic per ton of sand. Analysis of the dog- 
house sample showed that 65-70% of this amount remained in the glass 
and the throat sample showed that 45-50% remained. Considering the 
length of time the second glass must have been under the action of heat, 
it would indicate that the arsenic compounds present must be quite stable 
to glass mixtures at melting temperatures. It i8 probable that the arsenic 
is present in the form of sodium arsenite. 

It is not very clear why the presence of these arsenic compounds should 
exert a corrosive action on tank blocks, but it would appear from the above 
evidence that such an action does take place. As the glass sinks toward 
the throat and slowly cools, part of the arsenic compounds which in the 
upper hot layers remained dissolved in the glass, slowly separates out of 
solution, and it is this separated material which exerts the corrosive action 
on the throat. Relatively small amounts of salt cake can cause a con- 
siderable increase in the attack of the glass on the block and it is possible 
that the action of the arsenic compounds is similar but is more intensive 
due to the evident greater stability of the arsenic compounds to the action 
of glass at melting temperatures and to a slower rate of volatilization. 
The amount of arsenic remaining in the glass will not be constant, but 
will depend greatly on the oxidizing or reducing conditions which obtain in 
the batch and tank. 


1689 W. Turrp 
CoL_umsus, OnTO 


A SLIP PAINTING PROCESS SUITED TO THE CRAFTSMAN 
WHOSE EQUIPMENT IS LIMITED! 
By D. W. Cox 


ABSTRACT 
The raw materials of the common stoneware business are used. The temperature 
needed is that of the maturing point of Albany slip, or cones 6 to 9. The kiln should 
be one designed to stand up under rather high temperatures. The ware is essentially 
once fired common stoneware decorated with a slip painting process. 


Introduction 


Common stoneware clays are those most often offered to the teacher and 
craftsworker by the potteries willing to supply prepared clay. Such clays 
seldom mature to the proper density when used with the matt and clear 
glazes generally used in schools and studio potteries so that leaking vases 
result. The process here described has the merit of overcoming this 
trouble, there is no crazing, and being fired only once, labor is saved for the 
craftsworker. 


Equipment 


.The kiln should be one guaranteed by the manufacturer to stand up well 
under the temperatures necessary to mature glazes demanding cone 9, 
and better yet, one designed to use for hard porcelain work up to cone 18 
if need be. 

The ware are best formed on the potter’s wheel. 

A cheap air brush outfit such as sign writers use, or even the mouth 
spray used in charcoal drawing work, a few good camel’s hair brushes, and 
a few orange wood modeling tools comprise the equipment, together with 
the wheel and kiln. The ware may, however, be built or modeled pro- 
viding they are kept well softened at all stages of the work. 


Technique 


The process can best be described by giving the steps in a concrete 
example. The illustration herewith shown is of a vase made free hand 
on the potter’s wheel, not turned down, but used as it came from the wheel. 
The handle is drawn, like a common jug handle. Since the whole work 
is that of men untrained in the fine arts the example is frankly the offering 
of the humble. 

As is true with all slip painting done on the leather hard piece the artist 
must understand that work must either be done very rapidly or else work 
must be done in a rather moist room, with no drafts of air and with fre- 


1 Received December 29, 1924. Presented at the Annual Meeting of the AMERICAN 
Crramic Society, Columbus, Ohio, Feb., 1925. (Art Division.) 
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quent additions of moisture to the piece, which additions can best be done 
with the air brush. The softer the piece is while being painted the better 
the slip will adhere. 

The example was decorated by first laying a ground of brown which is 
not very thick so that the buff gray of the stoneware body shows through 
it. The bulk of the slip added is white, but part of the decoration is made 
from the slip mixed with a good underglaze blue stain, 
while brown is mixed with part of the slip for other 
parts of the design. 

The effect sought is that of early spring. Since the 
glaze used carries zinc oxiue it is not possible to get 
either a pink or green. The craftsman, being untrained 
in ceramic chemistry, was forced to work with a very 
limited color palette, so that blue, brown and white and 
the natural color of the fired clay limited the colors 
possible. 

After the ground is laid the slip is painted on and 
where desired is modeled. 

When the piece is bone dry it is simply dipped all 
over in the glaze and the bottom is scraped clean of 
glaze, or in the terms of the potter the bottom is 
“fettled.” The piece is then set into the kiln on its own bottom and fired 
to the proper temperature. 

In the case of the example shown the firing was done in a commercial 
kiln, in about 48 hours. In the small portable kiln the firing should vary 
with the size of the piece but 18 hours should be about right. About 
12 hours should be devoted to reaching cone 1 and the balance of the time 
from cone 1 on up to the maturing point, which will be not less than cone 6 
and not more than cone 9. 

Raw Materials Any prepared stoneware clay will probably work 
Needed quite well. In the example shown the clay came 

from Brazil, Indiana, and is the clay from just 
below the block coal seam. ‘The colors are the ordinary underglaze colors 
that can be had from any of the advertisers of such supplies whose names 
appear in the Journal. ‘The raw materials for the slip can be had also 
from advertisers in the Journal. 


THE 


Feldspar 
China clay 


Use when of the consistency of tube paints. 
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THe GLAZE 
10.5 
9 
2 


Use when weighing mixed with water 19.5 ounces to the pint. 


Both slip and glaze can be prepared by soaking the weighed materials 
in plenty of water in stoneware jars over night, then mixing well with the 
hands and then passing the suspended mixtures through 60-mesh sieves. 
Allow the mixtures to settle and decant the surplus water, or else syphon 
off with a rubber tube. The slip will have to stand for some days before 
all the water can be removed and after that it should be allowed to stiffen 
slowly by evaporation until of the right consistency. When the slip 
is right it should be stored in sealed jars to keep it from drying out too 
much. The glaze will of course be rather thin, when the dipping is done. 

If the experimenter will make use of glazes free from zinc oxide the color 
palette may be expanded. The process should work well in conventional 
decoration. 


Amgs, Iowa 


SELECTION OF FIRE BRICK BY COMPARATIVE TESTS WITH A 
DETAILED DESCRIPTION OF THE METHOD USED TO 
MEASURE THE TEMPORARY EXPANSION OR 
CONTRACTION OF FIRE BRICK AT 
VARIOUS TEMPERATURES! 


By F. A, 


ABSTRACT 
This paper discusses the laboratory tests employed by the Electric Light and Power 
Company with which the author is connected, in selecting several brands of fire brick 
suitable for use in the construction of a power plant. A detailed description is given of the 
method used to measure the temporary expansion or contraction of fire brick at various 
temperatures and the procedure followed in the inspection of fire brick briefly outlined. 


The testing and inspecting of fire brick by the purchaser has not until 
recently been given serious consideration. In fact it has been the demand 
of industries for refractories of a higher class and the difficulty of obtain- 
ing these which probably influenced many purchasers to determine for 
themselves the reliable sources of materials for their requirements. 

It was the demand for a fire brick capable of withstanding a heavy 
load while under temperature as well as a brick which had a minimum 
tendency to spall, change its physical dimensions or collect slag while 
in service, which prompted the Electric Light and Power Company with 
which the author is connected to run laboratory tests upon about thirty 
brands of brick. 


Description of Power Plant 


A brief description of the powdered fuel furnaces in a new power plant 
which will have an ultimate capacity of 300,000 kw., should give an appre- 
ciation of the importance of selecting refractory materials of a high class 
for its construction. 

The boilers are of the Stirling W. type and are designed for a steam pres- 
sure of 415 Ibs. per sq. in. with a steam temperature of 700°F. The steam 
drums are 48 inches in outside diameter, with plates 2 inches thick. The 
heating surface of the boiler proper excluding the hearth screen boilers is 
29,087 sq. ft. 

The furnace is built with double walls, with air circulation through the 
intervening space tending to keep the wall cool and to warm the secondary 
air for combustion. 

The height of the combustion space from the bottom of the furnace to 
the bottom of the center steam drum is about 60 feet. In plan the furnace 
is 23 x 34 feet and the furnace volume is about 25,140 cubic feet. 


1 Recd. Dec., 1924. Presented at the Annual Meeting of the AMERICAN CERAMIC 
Socrety, Columbus, Ohio, Feb., 1925. (Refractories Division.) 
? Office of the Inspection Division, Purchasing Department, The Detroit Edison Co. 


— 


314 KOHLMEYER—SELECTION OF FIRE BRICK 


The Test Made on Refractories 


The Company realized that a laboratory test could do no more than 
indicate several brands of fire brick most worthy of a thorough trial in 
actual service. Consequently at the completion of the tests, four brands 
of brick were selected which seemed best adapted to give the service re- 
quired in the operation of the powdered fuel furnaces of this plant. 

From the results of service tests to date we can say that the rating given 
the various brick in the laboratory has been quite accurate. 

The tests conducted by the Research Department, of this Company, and 
particularly the method used in measuring the expansion of fire brick while 
under temperature, or temporary thermal expansion, will here be described. 
1. Spalling The spalling tests were first conducted on all 

brands under consideration in order to eliminate 
the most undesirable brands from the more extensive tests which were to 
follow. In order to get comparative data on brick known to give different 
results in service, a few of the brands giving poor results in the spalling 
test were carried through the entire test schedule. 

The spalling tests were conducted in a standard carborundum lined oil- 
fired furnace and in accordance with instructions of the American Society 
of Testing Materials (Serial Designation C38-21T). The alternate heating 
and cooling of each brick was repeated only 10 times, however, or until 
it broke across the face and the brick given a rating depending upon the 
loss in weight and the number of water dips it withstood. ‘The loss in 
weight of a brick which broke during the test was considered as 100%. 
Four samples of each brand were used and the average result of the four 
taken as the value of the test. 

Ten brick of each brand were put face to face 
and were measured for total thickness, width 
and length. 

3. Cold Crushing This was obtained by testing three bricks of each 
Strength brand in a standard type compression machine. 

The brick were placed in the machine in an up- 
right position and the ends protected by asbestos pads to obtain an even 
bearing surface. 


4. Hot Load Tests 


2. Physical 
Dimensions Tests 


These were conducted, with the exceptions 
noted, as outlined by the American Society for 
Testing Materials (Serial Designation C16-20) using a furnace slightly 
larger than the standard test furnace specified, but similar in general de- 
sign. ‘Tests were run with loads of both 25 and 40 lbs. per sq. in. on the 
brick. 

The brick was heated to 2462°F (1350°C) at the rate specified and this 
temperature maintained for 2 hours instead of 1!/2 hours as is usually done. 
Care was taken to maintain an oxidizing atmosphere in the furnace as it 
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was found that a reducing atmosphere appreciably affected the fusion 
temperature of certain brick under test. 

The load of 40 Ibs. per sq. in. was used, as brick in service in the large 
powdered fuel furnaces of the new power plant are actually under this load. 
The average result of three samples from each brand was taken as the result 
of this test. 

These were run in the usual manner as outlined 
by the American Society for Testing Materials 
(Serial Designation C27-20) and it is therefore 
unnecessary to describe them. ‘Three brick of 
each brand were used in this test. 

A rather unique method was used to obtain the 


5. Permanent 
Linear Expansion or 
Contraction Tests 


Nt , expansion of fire brick at various temperatures. 
Tests It was considered important to obtain this in- 


formation regarding the various fire brick under 
test as the temporary expansion indicates the probability of internal 
strains being set up in the brick on reheating, as well as the overall expan- 
sion of a wall made of these brick. The temporary expansion of fire brick 
is doubly important when these are to be used in the construction of fur- 
naces as large as those in this plant where the furnace walls are over 60 
feet in height. 

A standard type of oil-fired testing furnace was used in determining the 
temporary expansion. ‘This furnace was carborundum lined and equipped 
with a carborundum hearth to prevent an impingement of the flame on 
the brick under test. 

The brick samples used for this test were those which had been pre- 
viously used for determining the permanent expansion or contraction. 

Two holes about '/2 inch deep and 7 inches apart were drilled in the front 
top edges of each brick. Orton cones, having a fusing temperature well 
above that at which the furnace was to be run, were cemented upside down, 
into these holes with carborundum cement. The cones were placed so 
they projected about '/, inch above the face of the brick and the brick then 
placed in the test furnace previously described. The door of the furnace 
was bricked up and two 1l-inch carborundum tubes placed horizontally 
so the Orton cones projecting above the top edge of the test brick were 
plainly visible to a person standing in front of the furnace and sighting 
through the tubes. The carborundum tubes, which extended from the 
face of the test brick and completely through the bricked-up door of the 
furnace, were employed to prevent a possible distortion of the line of vision 
due to the rapid movement of the hot gases. 

A surveyor’s transit was mounted on a substantial pier in front of the 
furnace in such a position that the Orton cones were visible through the 
carborundum tubes when sighting through the transit. 


. 
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The transit was carefully leveled and the intersection of the vertical 
and horizontal cross hairs brought to focus on the inside top edge of one 
of the Orton cones. The telescope of the transit was then plunged or 
inverted through a vertical plane and focused on a steel scale mounted at 
such a distance from the transit as would give a suitable multiplication of 
the distance between the Orton cones. A diagram of the set-up is shown 
in Fig. 1. 

By sighting on the Orton cone on the other end of the brick, plunging 
the telescope and obtaining another reading on the scale, two isosceles 
triangles were formed with the transit at the apex of each. The distance 
between the cones was the base of the smaller triangle, while that same dis- 
tance enlarged and projected on the steel scale was the base of the larger 
triangle. Care was taken to see that the bases of these two triangles 
were parallel and that the steel scale was level. 

In order to improve the accuracy with which readings could be taken, 
two movable trammels were mounted in such a position that their points 


Stee! Scale-" 
re brick 
showing setting L=7xl 
of Orton Cones A-A , 
CC es x /00 = expansion 


Fic. 1. 


just projected over the lower edge of the scale. The trammel points 
could then be set to coincide with the intersection of the cross hairs of the 
transit and the multiplied distance between the cones accurately determined 
on the scale. A magnifying glass was used to insure accurate scale read- 
ings. 

After obtaining a reading on the scale with the brick at room temperature, 
the brick was heated and the distance between the Orton cones, as multi- 
plied on the scale, determined for both 2000°F and 2500°F. 

Since the distance measured on the scale was directly proportional to the 
distance between the Orton cones mounted on the brick, the percentage 
of expansion could be calculated from the scale readings. The percentage 
of expansion was determined for both 2000°F and 2500°F and the average 
result of three samples of each brand recorded as the result of the test. 

, These tests were conducted as outlined by the 
, American Society for Testing Materials (Serial 
Softening 
Designation C24-20) using a standard type of 
Temperature Tests ‘ 
gas fired testing furnace. 


| 
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These were run by filling 2 drilled holes in each 
Penetration Tests brick to be tested with coal ash. The brick were 

then placed in a brick testing furnace and heated 
to 2500°F at the rate prescribed by the American Society for Testing Ma- 
terials and maintained at this temperature for two hours. ‘The brick were 
allowed to cool in the furnace and were then cut in two through the holes 
and an attempt made to determine the ash penetration. The results 
of this test were unsatisfactory as it proved to be difficult to determine the 
depth of ash penetration. 
9. Coal-Ash Brick As the coal-ash penetration test was not con- 
Cone Softening clusive, this additional test was made to determine 

the ability of the brick to resist the slagging action 
Temperature Tests 

of coal ash. 

It is clearly evident that the extent to which the fusion temperature of 
brick is affected when in intimate contact with coal ashes, measures their 
ability to resist slagging when in service in the boiler. ‘This reaction, 
however, is chemical rather than physical and consequently some account 
must be taken of the coarseness of grind and porosity of the brick when 
considering the tendency to slag. 

Cones were made of composite samples of the pulverized brick material 
to which were added coal ashes in varying percentages. The softening 
temperature of each mixture was determined on duplicate samples in the 
same manner as in the brick-cone softening temperature tests. 

The results seemed to indicate that the slagging action of coal ash is 
due to the iron content of the coal. This conclusion was reached after 
using coals having both high and low percentages of iron. 

While this test is chemical rather than physical, the results nevertheless 
were of considerable importance. 


Inspection 


The Inspection Division of the Purchasing Department of this Power 
Company is responsible for the inspection of all material bought on specifi- 
cation or otherwise subject to inspection. 

In the case of fire brick, each shipment is given a visual inspection and 
if deemed necessary, checked for conformity to specifications by conducting 
tests similar to those outlined above. 

If a shipment is not in accordance with specifications it is either rejected 
by the Inspection Division, or accepted provisionally dependent upon an 
adjustment between purchaser and vendor. This frequently takes the 
form of a price adjustment in conformity with the actual material received. 
At other times defective material received is replaced by the vendor. 

It has been the experience of this Company that inspection actually pays 
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on a plain debit and credit basis although the indirect savings are far more 
important. 

The inspection and testing of fire brick has been beneficial in that it has 
resulted in locating several reliable sources of material. It has led to more 
efficient construction as well as more economical maintenance of boiler 
furnaces. 

Inspection has also had an effect on the manufacturer of fire brick which 
is of great significance in that it has helped to force a development of the 
art. 

An example will assist in illustrating this point. Several carloads of 
fire brick received by this Power Company from a certain vendor were 
flatly rejected as they were not within the specified and generally accepted 
tolerances for size. This action naturally led to some controversy, re- 
sulting, however, in the fire brick manufacturer voluntarily scrapping all 
of his old molds, dies, press boxes, etc., at a considerable expense. 

Later the vendor frankly expressed his satisfaction at the results of this 
step, which judging from present developments toward the establishment of 
standard sizes in fire brick, would have been inevitable at some later date. 


Derroit, MIcH. 


Discussion 

M. C. Booze:' At a time when fire brick specifications are becoming 
the vogue and greater attention is being paid to the quality of the refrac- 
tories used than ever before, it is interesting to know that the standard 
tests can be used to distinguish between brick which give satisfactory and 
unsatisfactory performance in service. 

It is unfortunate that comparative results are not given, especially on 
the coefficients of expansion, as there are few published determinations 
which were made at temperatures as high as those described in this paper. 

To the writer, it appears that the use of the spalling test to eliminate some 
of the brands of brick from further tests is questionable. The use of pow- 
dered coal furnaces, such as described, is comparatively new in power 
plants and the performance of refractories in them has not been thoroughly 
studied. It seems, however, that rigidity under load and lack of shrink- 
age on the 9-inch brick would be of greater importance than spalling. 
The holding tile in the hollow wall construction should undoubtedly be 
tested first for spalling resistance, as they are comparatively large shapes. 

Neither is it considered advisable to stop the spalling test at the end of 
ten dips. This would suffice to distinguish between brands which were 
good and bad in spalling properties, but would not show sufficient differ- 
ence between some brands of first quality brick and the specially developed 
products which give exceptional spalling results. 


1 Mellon Institute, Pittsburgh, Pa. 
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AN ELECTRIC FURNACE FOR SOFTENING POINT 
DETERMINATIONS! 
By W. L. PENDERGAST 


ABSTRACT 
This paper presents a description of an electric resistance type furnace which has 
been designed at the Bureau of Standards for the determination of softening points of 
ceramic materials. The advantages claimed for this furnace are simplicity of design, 
with resultant low cost of manufacture and repair, economy in operation, high tempera- 
tures available, sufficient accuracy in determining softening points in terms of standard 
cones or actual temperature readings, and compactness of installation. 


Introduction 


A furnace to be used for the purpose of obtaining softening points, 
and which can be constructed in any plant having the facilities to fire 
clay products, is a desirable asset for plant control and would justify its 
installation by practically every concern manufacturing refractories be- 
cause of its low initial cost and maintenance. Gas-fired furnaces have been 
adopted for this purpose, but their use is limited due to the difficulties en- 
countered (1)in obtaining extreme temperatures while maintaining oxidizing 
conditions, (2) in determining these temperatures by means of the optical 
pyrometer and (3) in observing the cone plaque. High temperature gas 
furnaces also require compressed air, or gas, which, if not available, often 
necessitates the installation of expensive apparatus. Furnaces depending 
on electrical energy for heat seem to be the most easily adapted to designs 
for general and economical use.? Inductance types, and those using metal- 
lic resistors, are ideal, but the cost is generally prohibitive where tempera- 
tures required to fuse clays are to be obtained. For several years the Bu- 
reau has experimented with various carbon resistance furnaces, having in 
mind the development of a design which could be generally adopted by the 
ceramic industry. 


Description of Furnace 


A softening point furnace of simple construction, the parts of which are 
easily replaced, and which has given satisfactory service for the past two 
years in the ceramic laboratories of the Bureau, is shown in Fig. 1. This 
furnace consists essentially of a fire clay shell surrounding a carbon re- 


1 Recd. Jan. 2,1925. Published by permission of the Director, Bureau of Stand- 
ards, U. S. Department of Commerce. Presented at the Annual Meeting of the 
AMERICAN CERAMIC SociETy, Columbus, Ohio, February, 1925. (Refractories 
Division.) 

? Samuel A. Tucker, Electrochem. and Met. Indus., 5, 227 (1907); A. Coggeshall and 
A. V. Bleininger, Trans. Amer. Ceram. Soc., 10 (1908); W. Pip-Darmstadt, Zeits. fir 
Elek., 16, 664 (1910); D. F. Calhane, Sci. Amer. Suppl., '71, 207 (1911); A. V. Bleininger 
and G. H. Brown, Bureau of Standards, Tech. Paper 7; Liddell’s “Handbook of Chemi- 
cal Engineering,” p. 478. 
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sistance element in which the heat is generated and which in turu surrounds 
a magnesite muffle. The trial cone plaques are placed in this muffle for 
test and in this manner are protected from reducing gases generated in the 
resistor. ‘The entire furnace is enclosed in a sheet iron casing and mounted 
on an adequate stand. 

The fire clay shell need not be of especially refractory material, but should 
resist spalling. This shell is simply a cylinder with three lugs to support 
the carborundum ring (C) shown in Fig. 2 and was pressed in a sheet 
iron mold. ‘The shell rests on a fire clay disc (A) of the same material which 
is provided with a seating for the shell and the magnesite muffle. The 
carborundum ring (C) which is used to restrict the graphite electrode at 
the high temperature zone is made of a mixture of 95% No. 80 carborun- 
dum and 5% plastic kaolin, to which enough water is added to permit 

pressing into shape in a suitable mold. The 
magnesite muffle, seated in the fire clay base 
(A) and extending above the body of the fur- 
nace, is composed of four cylinders approxi- 
mately equal in length and so placed that there 
is no joint in the zone of highest temperature. 
The individual cylinders are composed of the 
—x— purest commercial electrically fused magnesite 
which is ground to pass a 20-mesh sieve and is 
thoroughly mixed with an organic binder (pref- 
erably gum tragacanth) and hand-rammed in 
steel molds. When dry, these cylinders can be 
easily handled and before being used should be 
fired as high as facilities will permit. It has 
been found advisable to make these rings as 
dense as possible and to fire them at least to cone 16 to prevent undue 
shrinkage and attack by carbon when in service. The current is intro- 
duced by means of copper electrodes (G), Fig. 2. These electrodes are 
copper bands 3 inches wide and !/,-inch thick, which are bent into a ring 
conforming with the inside diameter of the shell and provided with a lug, 
protruding through a slot, permitting the attachment of wire leads. These 
bands offer a considerable surface because of their shape and will be cooled 
automatically if the lugs are permitted to protrude at least 6 inches from 
the outside of the furnace. 

Having assembled the shell, base (A), the lower electrode, and the mag- 
nesite muffle, the space below the carborundum ring (C) is packed firmly 
with graphite or granular carbon. The ring (C) and the upper electrode 
are then put in place and the remaining annular space packed firmly with 
the material forming the resistor. 

Care must be taken in packing the graphite evenly to obtain balanced 
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resistance.'! In this connection it should be noted that in this design the 
possibility of a hot zone forming has not been definitely overcome, but if 
care is observed in packing the graphite the operator can, after a little 
practice, obtain a resistor which will in practically every case function 
properly. 

It should be noted that by using this design of electrode the graphite 
or granular carbon can settle while the furnace is being operated and still 
maintain satisfactory 
contact. The advan- 
tages of flake graphite 
over carbon grains have 
been demonstrated 
since, with the former, 
arcs in the body of the 
resistor were not as 
liable to be formed. 
tor the refractory cover 
(B) is put in place. This 
cover should be ground 
to fit as accurately as 
possible to exclude air 
from the graphite. The 
fire clay shape (EZ) as- 
sists in concentrating 
the heat at the center of 
the muffle and serves as 
a peephole through 
which the cone plaque 
may be viewed. This 
shape (E) was made by 
grinding a fire clay tile 
to the proper dimen- 
sions. The upper open- 
ing of (EZ) is closed by laying a piece of No. 6 welding glass on a thin 
sheet of kieselguhr. 

The cones are introduced from the bottom of the furnace and the plaque, 
usually made of a mixture of 50% calcined alumina and 50% plastic kaolin, 
rests on a base of the same material which in turn is supported by the 
refractory shape (F). This shape is made by so grinding a No. 1 refractory 
soap brick that when the shoulder is against the opening in (A) the cones 

10. P. Watts, “Granular Resistance Furnace,” Jour. Op. Soc. Amer. and Rev. Sci. 
Instruments, 9 [6], 705 (1924). 
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are raised to the hottest part of the muffle, which is midway between the 
top and the bottom of the ring (C). This shape should not fit accurately 
in the opening, but permit a current of air to be drawn into the muffle 
during the operation. This current passes up through the hot zone and 
out at the upper end of the peephole (£), in this way replenishing the 
supply of oxygen in the muffle. The sheet iron casing which encloses the 
entire furnace provides the necéssary added strength to the shell. The 
furnace is mounted on a stand as shown in Fig. 1 and can be placed on a 
table or wherever convenient. 


Operation 


In the operation of the furnace the introduction of the cones from the 
bottom has been found to be a decided advantage. This method elimi- 
nates the necessity of placing and removing cone plaques by means of 
tongs (which often results in the destruction of the test set) and permits the 
removal of the cone plaque as soon as the test cone has softened, which is a 
desirable asset. The saving of time is also an important factor since a new 
test set can be introduced conveniently without cooling the muffle below 
1000-1200°C. If readings with optical pyrometers are desired, they can 
be obtained by mounting the instrument above the furnace and sighting 
directly on the cone plaque through a relatively small opening in the insu- 
lation. 

Results shown in this paper indicate that the errors in temperature read- 
ings due to reflection and radiation are comparatively small and the read- 
ings sufficiently accurate for the purposes intended. In this work an op- 
tical pyrometer of the disappearing filament type was used. In using 
an instrument of this type the opening in the furnace through which the 
telescope is sighted must be large enough so as not to cut in on the cone of 
light rays required by the pyrometer, 7. e., the hole must be large enough 
so that the pyrometer telescope may be moved a little from direct align- 
ment without affecting the apparent brightness of the furnace as viewed 
through the telescope and without affecting temperature measurements. 

The furnace is operated on a 220 volt alternating current line through a 
6 kw., 60 cycle, 220 volt primary, 47 volt secondary transformer. A ratio 
board is tapped in between the transformer and the furnace and cuts down 
the secondary voltage in steps of 20, 10, 8, 6, 2 and 1 volts. An ammeter 
with a capacity of 200 amperes is used in this circuit to assist in regulating 
the temperature and to prevent exceeding the capacity of the transformer. ' 
This furnace, when connected with a 220-volt circuit having an 80% 
power factor and operated for seven hours, will consume 16.8 kw.-h., or 
an average of 1.68 kw.-h. for each of ten softening point determinations. 


1 It is recommended that a 10-12 kw. transformer be used. The transformer and 
ratio board may be purchased for approximately $250. 
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Several rates of heating have been tried and the most satisfactory re- 
sults were obtained by increasing the temperature by about 400°C per 
hour for three hours, which insures uniform temperature throughout the 
hot zone. From this point it is very easy to increase the temperature 
according to the requirements specified for this test by the A. S. T. M. 
The maximum temperature reached in this furnace was 1830°C, but the 
magnesite rings deteriorate rapidly above 1750°C. 

The length of service of the furnace will, like all other furnaces, depend 
upon the treatment it must undergo. The magnesite muffle will be the 
first part that must be replaced, but this operation, as will be noted from 
the drawing, is a simple one. The carborundum ring can be used success- 
fully for about ten heats and its replacement is also easily accomplished. 
The other parts of the furnace are affected very little and their replacement 
cost is practically negligible. 


Results 


The data shown in the following tables are representative of results ob- 
tained in the determinations of softening points of various materials. 
The temperatures shown in Table I are the results of several check 


TABLE I 


The temperatures obtained by using the furnace described are those readings of an 
optical pyrometer when sighting directly on orton pyrometric cone. The rate of heat- 
ing was that specified in the A. S. T. M. standard method of test for softening points, 
serial designation C24—-20, and the temperatures given are those noted when the tip 
of the cone touched the plaque 


Temperature in °C 


Cone Kanolt’s Hoffman's Author’s 
number Orton's Seger’s Orton's 
26 1600 1580 1550 
27 1630 1605 
28 1635 1610 1590 
29 1650 1625 1605 
30 1670 1640 1630 
3l 1670 1640 1650 
32 1705 1670 1670 
33 1720 1680 1690 


tests and are believed to be accurate within 25°C. They agree as well 
as can be expected with the values obtained by Kanolt' and are in acci- 
dental agreement with the results obtained by Hoffman? determined in the 
Reichsanstalt on German cones. We could reasonably account for even a 
greater difference between our values and those given by Hoffman con- 


1 Bur. Stand., Tech. Paper 7, p. 15. 
2 Tonind. Zeit., 33, 1577 to 1580 (1909). 
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sidering the difference in temperature scale of the two national labora- 
tories and the difference in the cones themselves. 
The data shown in Table II compare the results obtained in the electric 
furnace described and a gas-fired furnace of the surface combustion type. 
In Table III we have compared results obtained in our furnace with those 
obtained in an Arsem furnace (a graphite resistance, vacuum furnace). 


II 
Some results which were obtained in a gas-fired furnace of the surface combustion 
type formerly used at the bureau compared with those obtained in the electric furnace 
described. The results are shown in cones only since even fairly accurate tempera- 
ture measurements are difficult to obtain in a gas-fired furnace 


Softening (cone Softening point (cone 
Sample number) as determined in number) as determined in 
Material number gas-fired furnace electric furnace 
“a (2) (3) (1) (2) (3) 
Mo. Fire Brick 1 30 30 32 32+ 32+ 32+ 
Mo. Fire Brick 2 33 33+ és 33+ 33+ a 
Mo. Fire Brick 3 32-33 32-33 32-33 32-33 32-33 ste 
Pa. Fire Brick 1 34 34+ oa 33— 33— 33— 
Pa. Fire Brick 2 28 28 ee 28+ 28+ 
N. J. Fire Brick 1 30 31 31 30 30 30 
N. J. Fire Brick 2 30 30-31 31 30 30 30 
N. J. Fire Brick 3 32-33 32-33 ‘4 32-33 32-33 ms 
III 


Relation of softening points as determined respectively in an Arsem 
furnace and in furnace described 
Author’s furnace 


Test specimen, Arsem furnace, - 
fire brick degrees C Degrees C Cone 
A 1620 1605 28+ 
B 1625 1610 29 
Cc 1645 1640 30+ 
D 1670 1660 31-32 
E 1680 1680 32+ 


In the Arsem furnace the samples were protected from the reducing gases 
of the graphite heater by a sillimanite tube. Being heated in a vacuum 
there could be no oxidation. The rate of heating was 10°C per minute 
and the softening point was taken as the temperature at which the sample 
was distinctly seen to flow. This method is one which has been used in 
the Pyrometry Section of the Bureau, where temperature measurements are 
standardized and where our optical pyrometer was calibrated. One may 
use this comparison with due attention to the fact that small differences 
should be expected since different methods were used in obtaining soften- 
ing point. 

The softening points of various commercial grades of silica were all 
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found to be about 1690°C which is in fair agreement with results obtained 
by Kanolt! on the melting point of silica brick. 


Remarks 


The advantages of this type of electric furnace are: the high tempera- 
tures obtainable, oxidizing atmosphere in the muffle, ease of control and 
repair, economiy in operation, sufficient accuracy in determining softening 
points in terms of standard cones or actual temperature readings, greater 
convenience due to the elimination of the noise of gas burners, the fact that 
the operator can make observations and replace test sets without danger 
of burns, and the compactness of the installations. 

The author wishes to acknowledge his appreciation for the constructive 
suggestions and criticisms offered by R. F. Geller, during the develop- 
ment of this furnace. 


1 Bur. Stand., Tech. Paper 10, p. 16. 


RUBBER GRINDING MILL LININGS AND RUBBER AS A 
MATERIAL TO RESIST ABRASION! 
By B. W. RocErs 


ABSTRACT 

For the benefit of those who are skeptical about the ability of rubber to resist 
abrasion, attention is called to the fact that a rubber tire wears much less than skid 
chains on a brick pavement. Rubber linings in ball mills are found more efficient 
than steel linings in respect to capacity, fineness of grind, and power consumption. 
One test on cement using both a rubber and a steel lined mill showed a 20% greater 
capacity, 10% less power consumption and 0.9% more material through 200-mesh. 
Other advantages of rubber linings are: weight of mill decrease and volume increase, 
reduction of maintenance costs, minimum contamination of materials being ground, 
and possibility of jointless and detachable linings. 


It has been the popular theory that it took a very hard surface to resist 
abrasion successfully. This accounts for the selection of imported silex 
and alloy steels for the lining of grinding mills. Every grinding mill 
operator knows the excessive cost and delay which are incident to the re- 
placement of worn liners and it was with this thought in mind that the idea 
was conceived to make the grinding mill liners of rubber. No doubt the 
suggestion came from the remarkable service rendered by the rubber tread 
on the automobile tire and to those who are unfamiliar with that peculiar 
property of rubber to resist abrasion, the example of the tire tread and the 
skid chain will visualize a basis of comparison. 

Everyone who has driven a motor car and has used skid chains knows 
that a few hours of driving on brick or concrete roads will wear the alloy 
steel links to a point of failure, while in the same period of time a tire tread 
will not show a sign of abrasive wear. 

The idea of using rubber as a grinding mill lining originated in Canada 
and was first made use of in the mining industry. The early experiments 
proved highly successful and it has been conclusively demonstrated that 
rubber lining can, under average conditions, commercially compete with 
stone, iron or steel lining on a cost and service basis. 


Capacity and Efficiency 


When the rubber lining was introduced, one of the first questions asked 
was regarding the capacity and efficiency. Rubber being a soft material, 
it is quite natural to assume that a certain amount of grinding is eliminated 
by the grinding media contacting on the soft surface. It was observed 
that mills with rubber linings had a higher grinding efficiency than when 
the same mills were lined with steel. The term “grinding efficiency” in 
this instance takes into consideration the three important factors (1) 


1 Presented at the Annual Meeting, AMERICAN CERAMIC SociETy, Feb., 1925, 
Columbus, Ohio. (Enamel Division.) 
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capacity (weight of material ground per operating time); (2) fineness of 
finished product in relation to the feed, and (3) power consumption. 
Rubber lining increased the efficiency in excess of 10% as compared with 
the steel lining. 

A large cement company saw the possibilities in the rubber lining for the 
fine grinding of cement slurry and offered their coédperation in making 
operating tests. Steel and rubber lined mills were operated in parallel 
and observations were made varying all operating conditions such as 
dilution of feed, speed and grinding charge. Also, lights were extended 
into the mill so that the action of the grinding charge could be observed 
and studied. After some manipulation conditions were determined where 
the mills under test would operate most efficiently and the figures quoted 
below represent the best result with No. 1 mill operating with a rubber 
lining in comparison with the best results obtained from No. 2 mill oper- 
ating with steel lining. 

Rubber Steel 
Gallons of slurry per hr........... eats 205 1740 
Tons reduced to dry material. .. 9.76 8.15 
KWH per ton 14.88 
94.1-200- 93.2-200- 
mesh mesh 


An analysis of the figures just quoted will show a 20% greater capacity 
for the rubber-lined mill with about 10% decreased power consumption 
and at the same time an increase in fineness of finished product by 0.9% 
through 200-mesh. 

All of the experimental work to date has been accomplished in mills of 
the continuous feed and discharge type. There is no evident reason why 
the lining will not give about the same performance in the batch type pebble 
mill commonly used in the ceramic industry. 

It was found that slippage between the shell liner and grinding media 
is detrimental to a violent action of the balls or pebbles. When slippage 
is eliminated or reduced to a minimum, the grinding media travels in a 
well-defined path giving a maximum of moving contact within the grinding 
media itself. 

In replacing a stone liner with rubber the volume of the mill will be 
increased. Also a substantial weight will be taken off of the trunnions to 
allow for the possible increase in weight of the effective charge. 

Probably the outstanding justification for the rubber lining is its ex- 
ceptional wearing ability which will allow continuous operation over a long 
period of time and substantially reduce maintenance cost. 

In enamel grinding rubber will conform to another important require- 
ment, namely, the elimination of contamination. After the first few hours 
of operation contamination from the rubber is negligible and the smooth, 
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impervious surface of the rubber lining can be quickly washed clean when 
change of grade or color is required. 


A Jointless Lining 


The Goodrich Company has perfected an integral bonding of soft abrasion 
resisting rubber. This will eliminate joints and make a leak-proof lining. 
This process involves a special preparation of the metal parts, therefore, it 
will be necessary to send such parts to the factory for the placement of 
the liner. This is recommended for all mills under three feet diameter. 
The mill will have a detachable head as it is impossible to work through 
small manholes. 


A Detachable Lining 


The rubber can be furnished in sheet form with or without fabric back 
and can be secured by rubber covered retaining bars. There is also the 
possibility of making a false lining of sheet metal to which the rubber can 
be applied at the factory: 

For straight cylindrical type mills larger than three feet diameter, a 
removable wave type liner has been designed which incorporates a totally 
covered steel retaining bar by means of which a positive anchorage is made 
with bolts. The slabs are of such size that they can conveniently be 
entered through a standard manhole. 

The experiments to date with the wave type lining show that it prac- 
tically eliminates slippage of the grinding media and creates an ideal ac- 
tion within the mill. 

The compounding laboratories have produced a new compound which 
will be known commercially as “Linerite.’”’ This rubber compound is 
without question the best abrasion resisting test on the market today 
and offers possibilities of application wherever a protective coating to 
resist corrosion and abrasion is required. It is being used successfully 
in mining plants, cement plants and stone washers and is particularly 
desirable when mounted on sheet or plate metal, giving the qualities of 
a rubber surface combined with the strength of steel. This new product 
can be worked much the same as sheet metal, its only limitation being that 
it cannot endure heat in excess of 150°F. 


B. F. Goopricu RuBBer Co. 
AKRON, OHIO 
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135 
Abrasives 


Natural abrasives (Can.). V.L. EARDLEY-WiLmor. Can. Inst. of Min. and Met., 
Bull. 155(1925).—Grindstones, scythestones and pulpstones; production, producing 
localities with statistical table, 1909-1923; prospecting producing areas; mining and 
methods of prepn. for market; uses and disposition; and prices and present market 
conditions are discussed. The econ. factors of garnet, corundum, volcanic ash, pumice, 


and diatomaceous earth in Canada are further surveyed by W. oF. Rm. 
Abrasives. ANon. Imp. Min. Resources Bur. (1925).—Abrasives (1920-1922). 
P. R..@. 
PATENTS 


Antislip floor, FRANK J. Tone. U. S. 1,528,638, Mar. 3, 1925. An antislip 
floor or tread having embedded in fragments of a self-bonded mass of abrasive grains 
united without a separate binder under high temp. 

Aluminous abrasive material and method of making the same. FRANK J. TONE. 
U. S. 1,528,639, Mar. 3, 1925. A mass of aluminous abrasive grains united to each 
other by fluxed portions of their matrix mat. the grains retaining their individual charac. 

Dressing of smelted, artificial abrasives. HuGo VIERHELLER. Ger. Pat. 399,725. 
Chem. Zentralblatt, 2 [14], 1844(1924). Sulphite liquor is distributed in the hydrous 
dispersion medium and, after fractionating, the sepn. in flakes of the elutriated mat., 
which is still suspended, is obtained by adding permanganate or alkali. The method 
allows to sep. abrasives in various sizes. W. S. 


Art 


Note on the use of fluorspar in leadless glazes. J. W. MELLOR. Trans. Ceram. 

oc. (Eng.), 23, 178(1924).—Small scale expts. made by M.’s students indicate that 

the standard leadless glaze can be softened by the replacing part of the lime, up to about 

6%, by fluorspar and cryolite. Care must be taken in using fluorides in glazes since 
under conditions not definitely detd. at present they may produce blisters. H. F. S. 


Some old directions for making the purple of Cassius and vitreous enamel pigments. 
WILHELM FROMMEL. Chem.-Zig., 48, 777(1924).—Directions for making various 
prepns. used in the art glass industries, contained in a manuscript dated 1835, are quoted 
literally. Urine is prescribed as the reducing agent for making Cassius purple. Yellow 


glaze consisted of red lead and sand; green glaze, of MnOz, Pb;O, and sand. 
F. A. W. (C. A.) 
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PATENTS 

Titanium hydroxide and pigments. J. BLUMENFELD and C. WEIZMANN. Brit. 
Pat. Oi#l and Colour Trades Jour., 67, 618(1925).—The hydrolysis of solns. of titanium 
sulphate for the production of titanium hydroxide is effected by adding a titanium 
soln. to another of different concn. or to water and allowing diffusion to take place for 
several min. before complete mixing is effected. In an example a paste of titanium 
sulphate crystals is introduced into twice its vol. of boiling water and is maintained at 
boiling temp., the mixing being effected after 3 to 5 minutes. The hydrolysis is effected 
in about half an hour. In another example a strong soln. of titanium sulphate is intro- 
duced little by little into half its vol. of boiling water and afterwards stirred, the temp. 
being maintained near the b. p. The hydrolysis is effected in about 1 hr. The process 
may be effected in presence of other subs. which it is required to incorporate with the 
titanium hydroxide for the production of pigments, and such subs. may be prepd. sep. 
or in the app. in which the hydrolysis is effected. The subs. mentioned are barium 
sulphate, calcium sulphate and silica. R. 

Manufacturing of metallic coats by firing in solutions of speculum metal. Emm. 
REINHOLD EICHLER (Dresden). Ger. Pat. 401,737, Chem. Zentralblatt, 2 [22], 2550 
(1924). The soln. employed contains a mixt. of organic Cu-, H;BO;-, Bi and Pb- 
compds. and is fired in at temp. of 330-470°C; copper colored coats are obtained. To 
produce gold or silver similar coats the soln. contains besides the compds. mentioned 
organic Ag-Ni and Sn compounds. As organic ingredients serve resin, sulphurous 
resins, etc. W. S. 


Cement, Lime and Plaster 


Testing the permeability to water of mortars, brick, stone. F. ANnstrerr. Rev. 
Mat. Constr. Trav. Pub., 183, 309-13(1924).—Permeability of a subs. is the property 
characterized by the actual passage of fluids through it, whereas porosity merely indi- 


cates the presence of voids and pores which may be 
filled up with fluids. A. indicates the older methods ! e 
of detg. permeability as prescribed by the (French) 
Commission of Testing Methods in 1891, 1894 and 
1900, in which a glass tube was cemented into place 

in a block of the mat. to be tested. Water in the - 
tube was kept at a const. head, and the permeability ii 
was expressed by the number of Is. of water flowing. 
per hr. through a cubic block of definite dimensions. a7 SHA \. 
Later the TissIER app. was developed for detg. 
permeability of many building mats. under varying 

conditions of water press. Two parallel plates A | 
and A’ are held rigidly in place by 4 bolts B. A 

copper tube F, soldered to the circ. metal piece D 
leads the water to the specimen clamped between 
A 


Dand A’. Thick rubber gaskets prevent the speci- 


men from coming directly in contact with the metal. Ww aed Wy 

The specimen is usually 10 to 11 cm. square and 

8 cm. thick. Water under definite press. is applied -—4 - - 

to the specimen through F, and the quantity which 

passes through the specimen is collected by a funnel in a graduated vessel situated 

below the app. L. N. 
Experiments on the setting of Portland cement. Jutes Carriaux. Rev. Mat. 

Constr. Trav. Pub., 184, 1-3(1925).—(1) Free lime content. Port. cement was mixed 


- 
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with 10% sugar soln. The soln. of the free lime, in preventing the re-solution of the 
calcium aluminate, retarded the set almost completely. The free lime amounted to 
4.2% CaO. The stability of vol. was poor. (2) Sol. salts. Fifty gms. of Port. cement 
were suspended in water to dissolve the sol. salts, and then filtered. The insol. matter 
after being dried at 100°C did not set, and on standing whitened due to carbonization. 
After 3 days the CaCO; content was 26%, after 3 months 31%. The sol. salts when 
mixed with the insol. matter did not induce the process of setting. (3) Influence of 
air. The initial and final periods of set were slightly prolonged when the Port. cement 
was allowed to set under mercury, that is, not in contact with the air. (4) Influence 
of CO. Similar results were obtained when Port. cement was allowed to set in an 
atmosphere free of CO,. The stability of vol. in both cases was perfect. The outer 
coating of a test specimen after 1 month’s exposure to the air contg. CO, corresponding 
to 32% CaCOs, after 8 months 42.5%, after 5 years 80%. The interior of the piece after 
5 years’ exposure yielded but 5.5%. (5) Weight loss study. One hundred g. of Port 
cement mixed with 26 g. of distilled water were held on a watch glass on a balance 
pan, to det. the rate of evapn. of water, and the absorption of CO.. Four mins. after 
the time of mixing, loss of wt. was .05 g., from 4 to 20 mins. .01 g. per min., from 20 
to 60 mins. .01 g. every 2 mins., from 60 to 150 mins. .01 g. every 3 mins., from 150 
to 235 mins. .01 g._ every 4 mins., from 235 to 240 mins. the loss dropped to .01 g. per 
min. as at the beginning, and here corresponded to time of initial set. From 4 hrs. to 
4 hrs. 23 mins. loss was .01 g. per min., 4 hrs. 23 mins. to 4 hrs. 29 mins. .01 g. every 3 
mins., 4 hrs. 29 mins. to 7 hrs. .01 g. every 4 mins., 7 hrs. to 7 hrs. 19 mins. .01 g. 
every 2 mins. At this point the Vicat needle did not penetrate, corresponding to the 
completion of set. 7 hrs. 19 mins. to 7 hrs. 24 mins. loss .01 g. every 4 mins. After 
3 months the original wt. of 126 g. decreased to 118.05 g. (loss of about 6%). The 
initial set took place after a loss of 0.63 g. (0.5%), and the final set after a loss of 
0.8-1.0 g. (0.7%). The increase in wt. due to the absorption of CO, was for the period 
3-5 months .28 g., 5-11 months .20 g., 11-26 months .43 g., 16-24 months 1.13 g., 
giving a final wt. of 120.25 g. At this time the cement specimen contd. CO, the 
equiv. of 6% CaCOs. L. N. 
French specifications for slag cements. ANON. Rev. Mat. Constr. Trav. Pub., 
185, 41-2(1925).—The foll. are the technical requirements of slag cements to be used 
in marine construction, issued by the Minister of Public Works in a circular dated 
Sept. 2, 1924. Definition. The slag cement shall consist of a mixt., properly propor- 
tioned and thoroughly mixed, of carefully slaked and bolted hydraulic lime and blast 
fur. basic slag, finely ground. Chem. compn. The cement shall not contain more than 
5% MgO, 12% AlsOs, 2.5% Fe2O;, 2% sulphur. Ignition loss at white heat shall not 
be more than 5%. The index of hydraulicity, that is the ratio of wts. of silica and alu- 
mina as against the wts. of lime and magnesia shall be less than 0.70. Fineness. The 
cement shall at the most have a residue of 12% by wt. on a screen 4900 mesh per sq. 
cem., and 2% on 900-mesh. Apparent d. A liter of cement shall weigh at least 900 
g. Duration of set. The cement immersed in potable water shall not begin to set 
before 1 hr. has elapsed. The final set shall not take place before 3 hrs. nor after 24 
hrs. have elapsed. Tensile strength of pure cement. Briquettes immersed in sea water 
for 24 hrs. shall have a minimum tensile strength per sq. cm. of 18 kg. at the end of 7 
days, 25 kg. in 28d. In addition the tensile strength shall increase at least 3 kg. be- 
tween 7 and 28d. Tensile strength of mortar. Briquettes of the mortar immersed in 
sea water for 24 hrs. shall have a minimum tensile strength per sq. cm. of 8 kg. at the end 
of 7 days, 18 kg. in 28 days. Besides the strength shall increase at least 2 kg. between 
7 and 28 days. Hot and cold deformation tests. Pats and briquettes shall be kept in 
a humid atmosphere for 24 hrs. and the pats shall then be immersed in sea water. The 
temp. of the hot deformation test for the briquettes shall be maintained at 100° for 3 
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hrs. The increase in length of the stand. spacing between two needle points shall not 
be more than 5 mm. L. N. 
French specifications for aluminous cements. ANon. Rev. Mat. Constr. Trav. 
Pub., 185, 42(1925).—The foll. are the tech. requirements of aluminous cements to be 
used in marine construction, issued by the Minister of Public Works in a circular dated 
Sept. 2, 1924. Definition. Aluminous cement shall be produced by htg. a mixt. of 
alumina, silica, iron oxide and lime or calcium carbonate; and grinding the product. 
Chem. compn. The cement shall contain at least 30% Al,O; by wt. It shall not contain 
more than 2% MgO nor more than 1% sulphur. The index of hydraulicity, that is the 
ratio between the wts. of silica and alumina as against the wts. of lime and magnesia 
shall be less than 1. Fineness. The cement shall at the most have a residue of 20% 
by wt. on a screen with 4900-mesh per sq. cm. Apparent d. A liter of cement shall 
weigh at least 900 g. Duration of set. ‘The cement immersed in potable water shall 
not begin to set before */, hr. has elapsed and the set shall be complete in 7 hrs. Ten- 
sile strength of mortar. The briquettes immersed in sea water for 24 hrs. shall have a 
minimum tensile strength per sq. cm. of 27 kg. at the end of 2 days, 28 kg. in 7 d., and 
29 kg. in 28 d. Hot and cold deformation tests. Pats and briquettes shall be kept in 
a humid atmosphere for 24 hrs., and the pats shall then be immersed in sea water. 
The temp. of the hot deformation test shall be 100°, and maintained for 3 hrs. The 
increase in length of the stand. spacing between two needle points shall not be more than 
1 mm. L. N. 
High early-strength Portland cements in Germany. G. HAEGERMANN. Eng. 
News- Rec., 93, 910-1(1924); J. Soc. Chem. Ind., 44B, 100-1(1925).—Ordinary 
Port. cement occupies a position intermediate between the hydraulic limes, which slowly 
but speedily increase in hardness, and the alumina cements, which reach max. strength 
in a few days. The tensile strength of high-alumina cement, or “alcement,’’ is low 
compared with the compressive strength. Alcement is highly resis. to sea-water and 
water contg. gypsum, but is less resis. to alkali sulphates, and it deteriorates under 
the action of acids. If it is mixed with other cements, or is superimposed upon concrete 
made with Port., disintegration occurs. Attention is therefore directed to the prodn. 
of high early-strength Port. cement. The compn. is so selected that the cement has a 
high lime cementation index (0.99 Newberry). Small quantities of iron ores may be 
added to facilitate sintering and to increase vol. stability. The finest pulverization 
and intimate admixt. of the ingredients are essential. On a 10,000-mesh 8-13% should 
remain, and on a 4900-mesh 2-6%. From 3-4% of gypsum should be added. Port. 
cements have thus been made, surpassing the tensile strength of aleement, and almost 
attaining the early-strength. The initial temp. influences the early-strength, an in- 
terval of 5° lowering it by 10% after a 2-day test. H. H. S&S. 
Mortar strength, a problem of practical statistics. J. W. Gowen, H. W. Leavitrr 
AND W. S. Evans. Proc. Nat. Acad. Sci., 11, 11-6(1925).—Seven-day and 28-day 
tests were conducted according to the standard A.S.T.M. procedure on 478 Maine sands 
in tension and 166 in compression. The following relations were developed between 
the 2 tests: 
Tension (Ibs.) Tes = 1.06 T7 + 51.5 
Compression (Ibs.) Cog 1.128 C; + 793 
Tensile Ratio T-Res = 0.87 + 5.6 
Compressive Ratio = 0.49 + 50.7 


Predictions of the 28-day test may be made from the 7-day test by these formulas. As 
a margin of security, a definite lower limit in strength may be calcd. from the following 
table, which is obtained according to the theory of error from the standard deviation of 
the actual 28-day test. Tension. 50% of the tests will be above 723; 75% above 
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T2s-29; 90% above 723-55; 99% above 723-100 lbs. Compression. 50% will be above 
Cys; 75% above C2s-416; 90% above C2s-801; 99% above C2s-1447 Ibs. Tensile ratio. 
50% will be above 75% above T-Rzs-11.7%; 90% above T-Reg-22.6%; 99% 
above 7-R2s-40.8%. Compressive ratio. 50% will be above C-Ris; 75% above 
C-Res-13.5%; 90% above C-Res-26.1%; 99% above C-Res-47.1%. H. H. &S. 
Recent developments in the cement industry. C. H. Descw. Jour. Soc. Chem. 
Ind., 44, 166(1925).—The setting of wetted cement is due to the decompn. of the alumi- 
nates into colloidal alumina, and of tricalcium silicate into mono-calcium silicate and 
Ca(OH): which last slowly crystallizes in a colloidal matrix. The Roman practice of 
adding “‘pozzolana,’’ a decomposed volcanic ash found at Pozzuoli, to mixt. of lime and 
sand has given the name “possolanic materials’ to subs. added to give increased strength 
to cements, and blast-furnace slags are now utilized for resistance to sea-water and to 
heat. ‘‘Cement-fondu,’’ made from bauxitic clay, can be recognized by its high content 
of metallic iron. Owing to its low silicate content, it reacts quickly with water and is 


favored as a road surface mat. H. H. S. 
Testings on the influence of frost upon concrete. K. HABERKALT AND K. 

NaEuR. Z. Verein deutsch. Ing., 68 [47], 1232(1924). W. S. 
Hydraulic binding agent. Fr. MULLER. Chem. Zentralblatt, 2 [22], 2551(1924). 

W. S. 


German research on high-alumina cements. C. R. PLatzMANN. Rock Products, 
27(19], 23-5(1924).—Conclusion. Aluminates high in CaO are quick-setting while 
those low in CaO are slow-setting, and hydration of the latter depends upon the forma- 
tion of hydrated Al,O; and hydro-Ca aluminates. The high initial strengths are ascribed 
to the formation of a large proportion of colloidal substances and completeness of the 
hydration of the aluminates. A table of compressive strengths is given together with 
chem. compn. and sintering temp. (C. A.) 

PATENTS 

Furnace for firing, agglomerating, etc., of lime, gypsum, cement, ores, etc. Orro 
LEO BorNER (Ziirich). Ger. Pat. 401,718, Chem. Zentralblatt, 2 [22], 2549(1924).— 
The fur. case is put in swinging movement. The mat. is placed on a spiral inside the 
casing and passes from the top to the bottom by swinging the whole fur. around the 
vertical axle of this spiral. The firing zone is provided in a section preceding the last 
one, thus forming a cooling zone in the last section of this spiral. W. S. 

Cement composition. GrorGE WirTty. U. S. 1,529,228, Mar. 10, 1925. A ce- 
ment compn. consisting of gypsum, coarse silica, dextrin, saw-dust, barium sulphate 
and barite. 


Enamels 


Study your fuel problem closely. R.M.Onon. Ceram. Indus., 4 [2], 110(1925).— 
The relative advantages and disadvantages of coal, oil, gas and electricity as fuels in 


the enameling indus. are discussed. P. D. H. 
Insulation increases furnace efficiency. E. B. Prentice. Ceram. Indus., 4 [2], 
110—1(1925). BD. 
Urges fair furnace comparison. A. D. Daucn. Ceram. Indus., 4 [2], 111-2 
(1925). Pr, DD. 
Well-insulated doors boost furnace production. J. E. HANSEN. Ceram. Indus., 
4 [2], 112(1925). D. 


New smelter and drier combination. ANon. Ceram. Indus., 4 [2], 156(1925).— 
A double smelter is described in which the ground and cover coats are fritted, one at 
either end. 
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PATENT 
Enamel for metals or earthenware. I. TrRaAuBE. Brit. 221,830, Sept. 14, 1923. 
Any suitable glazing mat. is formed into a thick mixt. with an aq. soln. of compds. 
which will form ppts. remaining insol. at fusing temps., e. g., a soln. of K chromate and 
a soln. of MnSO, may be mixed with sep. portions of the glazing mat. and the masses 
thus formed applied superposed or side by side. Fe oxide, chrome green or the like 
may be used to produce mottled effects. (C. A.) 


Glass 


The binary system of metasilicate-silica. G.W. Morty anD N.L. Bowen. Jour. 
Phys. Chem., 38 [11], 1167—79(1924).—An investigation of the m. p. relations in the 
binary system sodium metasilicate-silica. The raw mats. used were quartz and sodium 
carbonate. The mats. were mixed in the desired propn. and melted in platinum. 
When the glass appeared clear and free from bubbles it was quickly cooled. The re- 
sults of the invest. are given in the table. 


*TABLE I 
Analysis 
~~ Mol% Mol % Melting Solid 
Designation Na:O SiOz NazSiO; SiOz point phase 
2154A 50.40 49.44 99.23 0.77 1086 .5 Na,SiO; 
2330A 45.88 54.03 82.32 17.68 1031.0 Na,SiO; 
2142A 44.92 54.93 79.27 20.73 1001.0 NazSiOs 
2115A 63 .42 36.58 863 .0 NaSiO; 
2512A 37 .83 60.85 39.15 847.0 
2144A 37.59 62.29 58.48 41.52 859 .0 NazSigO; 
2510A 35.90 54.29 45.71 871.0 NaeSieO; 
2518A 50.03 49 97 873.5 NazSi,O; 
2414A 49.91 50.09 873.0 
2034A 48.44 51.69 872.5 
2411A 32.83 67 .25 47 .32 52.68 868 .0 NazSinO; 
2530A 39.97 60.03 831 0 
2530B 36.44 63 . 56 802.0 
2530C 33.27 66.73 830.0 High quartz 
2520A 24.81 fie a 31.99 68.01 841.0 High quartz 
2429A 23 .55 76.45 1145.0 Tridymite 
2429B 12.51 87.49 1457.0 Tridymite 
2431A 5.12 94.88 1596.0 Cristobalite 


A comparison was made of the systems formed by SiO, with the metasilicates of lithium, 
sodium and potassium. The metasilicates of these showed a uniform diminution of 
m. p. with increasing at. wt. LiSiO; mtg. at 1201°, NasSiO; 1088 and K,SiO; 976°, 
their disilicate m. p. being respectively 1032°, 875°. The system NaeSiO;-SiO: is of 
a simple type with one compd., sodium disilicate NagO.2SiO, and no solid solns. The 
m. p. of Na2SiO; is 1088° and the eutectic Na2SiO;-NazO . 2SiO, is at 840°, 62.5 mol% 
Na2SiOs;, 37.5 mol% SiO... NazO. SiO, has a congruent m. p. at 874° and its m. p. curve 
is characterized by an unusually flat max. The Na,O.2SiO, quartz eutectic is at 793°, 
35 mol% Na,SiOs, 65 mol% SiOr. 
Recuperation increases capacity of English tanks. F. W. HopkKIN AnD W. E. 5. 
TURNER. Ceram. Indus., 4 [2], 106(1925).—(Excerpt taken from a paper read before 
the Society of Glass Technology.) The air for combustion is prehtd. first by passage 
through the flues, the arches of which support the bottom of the tank, and which are 
superimposed on other flues through which the products of combustion pass in an 
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opposite direction. The air is prehtd. further by passage through the space between 
the false crown and the main crown of the fur. One advantage claimed for this type 
of fur. is the reduction in the cost of construction by the reduction of the excavation 
needed due to the absence of regenerators. Approximately .8 of a ton of coal is con- 
sumed by the producers and boilers per ton of finished glassware. Another unique 
feature of the tank is the double bridge which has 3 walls sepd. by cavities through 
which steam is blown for cooling the blocks. The life of the bridge blocks is very much 
longer. The bridge inspected had been in opern. without repair for 14 mos. 
P. D. H. 
Information on window glass tank block. James L. CrawFrorp. Ceram. Indus., 
4 [2], 107(1925).—The sizes of tank blocks trued for an 8, 12, 15 and 18 in. wall are 
given. The window glass indus. usually uses blocks trued for an 18 in. wall. Di- 
mensioned sketches show a “throat” block for the open bridge wall and a “‘floater’’ 
which is used instead of a “throat”’ in window glass tanks. Several oil-fired recuperative 
tanks are in use and working satisfactorily. As long as fire clay is used for lining tanks 
it is doubtful whether they can be insulated successfully at the mtg. end. P. D. H. 


Innovations for making hot repairs. THOMAS B. Hart. Ceram. Indus., 4 [2], 
107-8(1925).—The use of ports on the machine end of a continuous tank fur. is ad- 
vocated. The design of furs. in such a manner as to permit of complete and separate 
control of the firing of the mtg. and mach. end is also advocated. A dividing arch 
leading the gas and air from the induction flues into the mixing chamber; slag pockets 
in each regenerator to prohibit the checkers from slagging up; and a manhole in the 
back of each regenerator to facilitate hot checker repairs are also points which are well 
covered in complete dimensioned drawings. 7. 


The conductivity of annealed and unannealed soda-lime glasses. M. J. MULLIGAN. 
Trans. Roy. Soc. Canada, 18 [3], 120-1(1924).—The condy. of annealed and un- 
annealed soda-lime glass was found to exhibit a marked difference (approx. 200%). 
The condy. is the same kind of function of the temp. in both cases, so that the change 
in glass brought about by annealing is one of deg. rather than of kind. Determinations 
were made of the wts. of mats. that were electrolyzed into these glasses at 180°C from 
a molten anode (KNO; and AgNO;). The amts. were approx. inversely proportional 
to the resist. of the glasses, but the depth of penetration of Ag ions does not bear out 
the assumption that there is a marked difference in the degree of ionization of the two 
glasses.. The major factor in increasing resist. by annealing is a decrease in the mobilities 
of the ions. H. H. S. 

The sorption of water by soda-lime glass. J. W. REBBECK AND J. B. FERGUSON. 
Trans. Roy. Soc. Canada, 18 [3], 122(1924).—The gas produced when soda-lime glass 
is electrolyzed under certain conditions was previously found to be derived from the 
sorbed moisture. Properly annealed tubes were found to yield little or no gas. A 
number of such tubes were exposed to moisture under a variety of conditions and then 
electrolyzed. In general the glass appeared to take up moisture from the air slowly, 
but if the exposure is continued for a very long time the gas-evolving property becomes 
entirely restored. Soaking the glass in hot water for some hrs. also restores the prop- 
erty. Washing the glass with distd. water, removing this water rapidly by pumping 
and then filling by distn. the glass tube with mercury and electrolyzing in the usual 
manner, caused a definite amt. of gas to form. The rate of evolution of the gas was, 
however, so slow that it seems reasonable to assume that even this small quantity was 
partly absorbed. This conclusion is in agreement with modern theories of adsorption 
which postulate that adsorbed films are very thin. H. H. S. 

Glass melting furnaces. (Discussion, Jan. 21, of Soc. Glass Tech.) Jour. 
Soc. Chem. Ind., 44, 169-70(1925).—The subject was introduced by papers from 
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J. S. ATKINSON and T. TeIseN. A. described the Stein recuperative pot furnace, the 
Unit pot furnace, the Torpedo tank and continuous leers. TT. discussed the cross flame 
regenerative tank fur., comparing it with the open-hearth steel furnace. He opined 
that in small and medium-sized tanks, high thermal efficiency may be attained by use 
of the recuperative type. He proposed an all-steel accessible bridge cooled by water 
so that the molten glass should freeze round it and form a glass bridge. H. H. S. 

Silvering glass. A. Srerrsacner. Tech. Ind. Schweiz. Chem.-Ztg., 1924, 165-6.— 
S. gives a practical glassworker’s recipe for silvering which appears to give very cer- 
tain results. The distinguishing feature appears to be that only a “few drops” of the 
reducing soln. are used. (C. A.) 

Joint committee for the standardization of scientific glassware. Chemistry & 
Industry, 43, 913-5(1924).—In their report the Comm. unanimously recommended the 
liter (1) and milliliter (ml) as the standard units of vol., and that standard volumetric 
glassware be graduated in terms of these units and marked ml instead of cc. Reasons 
in support of the decision are given at some length. (C. A.) 

PATENTS 

Glass. Coating processes. A. S. CACHEMAILLE. Brit. Pat. Oil & Color Trades 
Jour., 67, 618(1925). Siliceous or vitreous articles, such as elec. light bulbs, are given 
an insol. coating by applying a prepn. contg. a sol. silicate, htg., and applying a 
neutral fixing soln. of an ammonium salt which reacts with the prepn. to form an insol. 
compd. The prepn. may comprise kaolin, pigments, and sodium or potassium silicate, 
which may be applied by spraying or dipping. The article is heated to 150°C for about 
2 min., and then preferably dipped into a hot (75-115°C) saturated soln. of ammonium 
chloride or sulphate, whereby silica is pptd. The article is finally washed and dried. 
Instead of applying the fixing soln. hot, it may be applied cold, and the article subse- 
quently reheated. O. P. R. O. 

Plate-glass-annealing leer. 
Epwin E. and 
J. Lytie. U.S. 1,530,190, March 
17, 1925. An annealing leer hav- 
ing a muffle chamber at the oven 
end and a leer end in line with 
the muffle chamber and communi- 
cating therewith, the top wall of 
the muffle chamber having therein 
a plurality of longitudinally ex- 
tending heating flues, substan- 
tially as described. 

Glass pressing and blowing machine. Epwarp Minter. U. S. 1,529,661, March 
17, 1925. In a mach. for pressing and blowing glass vessels, the combination of a 
plurality of neck ring molds each composed of horizontally closable sections, a plurality 
of codperating body molds each composed of independently horizontally closable sec- 
tions, a plurality of vertically movable parison molds each adapted to coéperate with 
a neck ring mold to form a parison, a horizontally slidable carrier for each of said parison 
molds, a body mold bottom also mounted on each of said carriers and means for auto- 
matically shifting said carrier to place one of the parison molds into position for pro- 
jection into coéperating relation with the sections of one of the neck ring molds and a 
body mold bottom into coéperating relation with the sections of the body mold of another 
neck ring mold. 

Leer. A. ForTER and H. Meyer. U. S. 1,529,177, Mar. 10, 
1925. The combination with a plate glass annealing leer having longitudinally re- 
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ciprocable pulling rods and vertically movable lifting rods, of mechanism for feeding 
the glass plates onto said rods, said mechanism comprising longitudinally extending 
pusher rods operatively connected 
to said pulling rods to reciprocate 
therewith and having depending 
pushing devices, together with 
means for automatically raising 
said pushing rods in unison with 
| the lifting rods to permit the re- 
turn movements thereof, substan- 
tially as described. 


Apparatus for dipping sheet glass. Robert P. 
U. S. 1,529,239, Mar. 10, 1925. In an app. = 
for dipping sheet glass, a tank containing a liquid bath, + 
an endless conveyor, and a series of individual sheet = 
carriers suspended from the conveyor and successively e St «1B 
lowered into and raised from the bath as the conveyor "7 . 
moves above the tank, each carrier comprising an upright - x 
frame structure, a lower grooved member for supporting | = 
the lower edge of the sheet, and an adjustable latch for re ™ 
engaging the upper edge of the sheet. 

Flattening table for continuous sheet glass. JoHN <-Fhk 
L. DRAKE and Lewis D. BLACKSHERE. U.S. 1,529,243, 

Mar. 10, 1925. A drawing and flattening table for 
sheet glass, comprising in combination a pair of rotary ae nner sae 
cylindrical drums, a stationary table positioned between == Fi 


the drums and having a flat upper supporting surface, 
and a flexible link belt adapted to travel around the 


drums and over the table, the 


belt consisting of a plurality of 
pivotally connected links, each 


link having a flat upper sheet-supporting surface, 
and a lower surface of such conformation that the 
pivot centers of the links will be the same dis- 
tance from the cylindrical link-supporting surface 
of the drums, while on the drums, as these centers 
will be from the flat link-supporting surface of the 
table, while on the table. 

Glass. FRED M. LockE and FrEp J. LocKE 
U. S. 1,529,259, Mar. 10, 1925. A glass having a 
low silica content, a high alumina content, the 
qualities of transparency and high elec. insulation 
under heat, and contg. an alk. earth oxid. 

Changing bending rolls in sheet-glass-draw- 
ing machines. JosErpH M. NEENAN. U. S. 
1,529,268, Mar. 10, 1925. An app. for changing 
bending rollers in a machine for drawing a con- 
tinuous sheet of glass and deflecting the plastic 
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sheet about a bending roller, comprising an auxiliary sheet-supporting roller, a pair 
of guides, one at either side of the machine, each guide extending from a point above 
and outside of the bending angle of the sheet to a point below and inside of this angle, 
a bearing for an end of the auxiliary roller movable along each guide, and means for 
simultaneously moving the bearings so that the auxiliary roller is carried from a position 
within the sheet angle and out of contact with the sheet, to a sheet-supporting position, 
the sheet being simultaneously lifted from the bending roller. 

Bending roller for drawn sheet glass. JosepH A. REECE. we 
U. S. 1,529,274, Mar. 10, 1925. In an app. for drawing sheet j 
glass, a roller about which the sheet is deflected from one plane se 
to another, the roller comprising sep. end and central portions . 
adapted to travel at different peripheral speeds. 


Reheating burner for sheet glass. JosEpH A. REEcE. U.S. 

< ce 1,529,275, Mar. 10, 1925. Ina sheet glass forming apparatus, 
\ Sy a rehtg. burner comprising a gas pipe having a longitudinal series 

h . g TNE) of openings in one side, a mixing chamber covering the openings 
and having a narrow slot in its outer portion opposite the series 


of openings, and air inlet openings in one side wall of the chamber, 
and an adjustable valve plate over the air inlets. 

Sheet-glass-drawing apparatus. CLirrorp A. ROWLEY. 
U.S. 1,529,278, Mar. 10, 1925. Inapp. for drawing a continuous 
sheet of glass from a pool of molten glass, a bending system 


for the plastic sheet comprising a plurality of rollers, the one T— e— 
about which the sheet is first deflected having a continuously ——- a 
curved sheet-carrying surface which is of larger diam. adjacent eeeenere 


the ends of the roller than at the central portion thereof. 
Glass-transfer apparatus. Joun H. Fox. U. S. 1,529,584, Mar. 10, 1925. In 
combination in a system for surfacing sheet glass, having a track with cars or tables 
on said track and means for moving the cars along the 


Px , track, a plate glass transfer and laying frame mounted 


above the track for movement longitudinally thereof, 

mech. connections driven from said means for moving the 

‘ cars, adapted to shift said frame forwardly with the cars 

Le ener neninatge ee. at the same rate of speed as the cars, and a motor for 

“hap giving the frame a movement longitudinally of the track 

at a higher rate of speed than said movement of the cars. 

“Splinterless” reinforced glass sheets. J. Cox. Brit. 221,552, June 8, 1923. 

In sealing a sheet of cellulose acetate between sheets of glass, the glass is preliminarily 

treated with a soln. which may be formed of gum kornifan 28 g., nelkin oil 0.5 cc. (to 

prevent ropiness) and H,O 112 cc. and the cellulose acetate sheet is treated with C;H»Cl 

and HOAc. The sheets are then united under slight pressure at a temp. of about 40° 

and may be sealed with a cement formed of CaCO; 75 and boiled linseed oil 25 parts 
colored with ivory black or other pigment. {C. A.) 


Heavy Clay Products 


Brick making at the National Capital. ANon. The Clay Worker, 83 [1], 24-8 
(1925).—The plants are described of the Wash. Hydraulic Press Brick Co.; Wash. 
Brick and Terra Cotta Co.; West Brothers Brick Co.; and Va. Brick Co. P. D.H. 

Timely advice on firing. ANton Voct. The Clay Worker, 83 [1], 30-1(1925).— 
The use of draw trials is advocated to det. the end of the watersmoking period; the end 
of the oxidation period; and the finish of the firing. The method of holding the heat 
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in the top of the setting by means of draft regulation without overfiring the ware around 
the bag walls or on top is described fully. The manner of firing to obtain better colored 
brick or tile is also described. 
Fundamental principles in the design of brick and tile as units of structural masonry. 
Frep T.Heatu. The Clay-Worker, 83 [3], 240-3(1925).—The three primary elements 
to be considered, namely, propn., bond and size, as well as their relationship to each 
other, are discussed in detail, primarily from the view-point of the builder. For the 
most efficient design of masonry work, it is shown, with sketches to illustrate, that 
the basic wall dimensions of the masonry units should conform to common units of 
measurement. The unit of 4 inches is suggested as a common basic standard because 


most all masonry forms already very nearly conform to it. P. D. H. 
How brick are made in Chicago. Anon. Brick & Clay Rec., 66 [2], 108-16 
(1925). 


The labor cost in common brick. Anon. Brick & Clay Rec., 66 [2], 120-2 
(1925).—Tables are given showing time required and cost in labor of producing soft 
mud, stiff mud and dry-press brick. P. D: H. 

How whitewash can be prevented. H.C. Meyer. Brick & Clay Rec., 66 [2], 
128(1925).—The causes of scumming are given and a method of testing for soluble 
sulphates is outlined. The barium carbonate treatment for the prevention of white- 
wash or scum is considered the most reliable. Natural barium carbonate is quite as 
satisfactory as pptd. barium carbonate and is considerably cheaper. P. D. H. 


Brick plant economy. D. D. OmuNpson. Contract Rec. and Eng. Rev., 39, 172 
(1925).—(Paper read at Can. Nat. Clay Products Assn.). How utilization of waste 
heat saves money in a brick plant. The experience of Citadel Brick Ltd., Quebec 
city: in five years the equipment and its operation were paid for and $58,000 was saved 
in the cost of fuel. Experiment demonstrated possibilities of using the heat of a cooling 
kiln to help another kiln along in the early stages. A waste heat drier was built and 
all kilns were connected together in such a manner as to permit drying and watersmoking 
with clean waste ht. and preheating the kilns with combustion gases at high temp. 
The average distance from the kilns to the waste heat drier is 350 ft. Part of the flue 
passes over a continuous kiln where it is buried in the filler over the chambers and be- 
neath the firing floor. The flue being divided in order to get sufficient volume, pro- 
vision was made for picking up all available waste heat from the cooling chambers of 
this kiln by using special goosenecks. While some plants have experienced cracked 
ware, with the use of waste heat in drying, due probably to increased humidity where 
the green ware enters, usually bricks come through in better condition and with less 
loss than in radiated heat tunnels. The drier is a standard waste heat drier, the in- 
duction fan discharging into the tunnel under the car track, the openings going back 
about half the length of the tunnel and a control damper located at the door of each 
tunnel. Watersmoking is done with the clean heat of a cooling kiln, and while temp. 
is seldom over 400°F during this period, the intense draft seems to carry away all traces 
of moisture. From 24 to 36 hrs. of this treatment has been found to be sufficient, after 
which the combustion gases of another kiln are used to raise the temp. to as high as 
700°F. ‘Thus all the low temp. work is carried on under a comparatively high vacuum 
without the expenditure of fuel and without damage to the ware. The actual firing 
time varies from 68 to 84 hrs., depending on the fuel used, size of kiln (these kilns de- 
scribed are 30 and 32 ft.) and the result desired. This compares to the 8'/2 and 9 days 
firing time per kiln before installation of these special waste heat driers. In decarbon- 
izing a kiln before raising the temp. to finishing heat the strong induction is of great 
use in speeding up this process. The rapid turn-over of kilns is one reason for fuel 
economy, on account of the shorter radiating period. There has not been a case where 
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application of these principles of operation has been applied intelligently that any 
previous established standards of excellence were not only equaled but surpassed, in 
as much as invariably the induced draft increases the percentage of No. 1 ware. The 
cost of installing the means to effect changes on a battery of kilns already in existence 
would vary according to plant layout and local conditions but as an approx. figure, 
where conditions are not unfavorable and drainage has been previously provided, the 
cost should be about $1200 per kiln (32 ft. diam. kiln), exclusive of fans and motors, 
which should cost approx. $5000 for a battery of 9 kilns and a waste heat drier. The 
cost of these features when building a new kiln would be much less than installing 
them in old kilns. In trying to det. whether or not it is profitable to effect the changes 
that provide control of your waste heat it is only fair to remember that the productive 
capacity of the kilns is increased 50%, due to the changes as outlined. O. P. R. O. 


PATENTS 


Machine for and method of making brick. Roy P. M. Davisand Irvin F. HEPLER. 
U. S. 1,529,692, Mar. 17, 1925. A brick making mach. comprising a frame, having 
a hopper therein, means for feeding mud to the 
hopper, said hopper having gates therein for re ? he 
trapping the mud fed to the hopper, a mold sup- a, sa 
port mounted for oscillatory movement in said = 
frame, an open ended mold carried by the mold. J 
support, movable splash plates mounted in the 
frame adjacent the mold support, means for 7 ¥ 
oscillating the mold support to bring the mold ’” 
into alinement with said hopper, and means for 
simultaneously opening the plates of the hopper 
and for moving said splash plates to operative ae” | 
position. The method of making brick consist- — 
ing in forming a brick in a mold, mechanically « a 
ejecting the brick therefrom, and then subject- | 
ing the ejecting means to a rotating shifting wl? - a Las, 
brushing action to clean adhering material from —_—" 
the ejecting means. 

Hollow tile. Henry J.F.Lupeman. U.S. « 
1,529,317, Mar. 10, 1925. A hollow tile having 
horizontal longitudinally extending voids defined by side 
and intermediate load carrying walls, said tile having sub- 
stantially centrally located supplemental openings in over- 
lapping side by side parallel relationship intersecting said 
voids and forming hand receiving holes, each of said open- 
ings having its major axis parallel to the longitudinal axis of 
the tile, substantially as described. 

Process of coloring clay articles. EUGENE L. CHAPPELL. 
U. S. 1,528,401, Mar. 3, 1925. A process of coloring brick 
and the like, consisting of passing in contact with the cooling brick, the gasified atmos- 
phere which has passed from the htg. and prehtg. brick. 


Manufacturing of light brick. A.G. Bremen. Ger. Pat. 401,866. Chem. Zentral- 
blatt, 2 [22], 2551(1924). To the slip made of water and small pieces of peat 50% 
CaO and gypsum are added to destroy the colloidal structure of the peat. During 
slaking the CaO, the stone remains in a mold under high press. in order to reduce the 
expansion. The ware is light, cheap, insulating and sound-proof. W. S. 


| 
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Refractories 


Suggestions on boiler furnace design. C. M. Garianp. Power, 61 [5], 176 
(1925).—Fur. temp. is intimately related to the combined efficiency, the capacity de- 
veloped, and the life of the fur. lining. The highest temp. possible consistent with 
reasonable refrac. life should be maintained. All heat transactions occurring within 
the fur. and boiler setting will be dependent upon high temp. for the greatest efficiency, 
and the only limit at the present time is the life of the refracs. Too long life to the re- 
fracs. indicates uneconomical operation. Radiation and conduction losses are dis- 
cussed together with losses caused by stratification of gases and the proper type of stoker 
to prevent stratification. 

Water-cooled furnaces. H. D. Savace. Mech, Eng., 47 [3], 197(1925).—Fur. 
linings and refracs. have not been keeping pace with the studies being made in other 
features of power plant development. Higher settings, higher ratings and higher 
efficiencies now being made have placed a duty upon boiler fur. that cannot be met 
satisfactorily by the refracs. available, or of common or standard use. This has led 
to (1) hollow-wall refrac. furs.; (2) steam-cooled walls; (3) water-cooled walls. The 
completely water-cooled fur. or a combination of water-cooled and refrac. fur. would 
seem to present the greatest possibilities for future interest. The author deals with 
a number of water-cooled furnaces of the finned type, or as it is now called, fin. fur. 

a 

The relation between ordinary refractoriness, under-load refractoriness, and com- 
position, physical and chemical, of refractory material. Pt. 1. A.J. Date. Trans. 
Ceram. Soc. (Eng.), 23, 217-33(1924).—In htg. fire clay brick made with fire clay grog 
under constant load with steadily increasing temp., the temp. at which subsidence com- 
mences is independent of the grog content. With various brick there is a variable 
range of temp. between the commencement of subsidence and the point of complete 
failure. The temp. at which complete breakdown occurs is lower with grogged brick 
than with straight clays. When grogged brick were tested under load at constant 
temp., 1350°C, it was found that the greater the propn. of grog, the more rapid the 
subsidence and the greater its amt. H. F. S. 

The influence of texture on the transmission of heat through firebricks. A. T. 
GREEN. Trans. Ceram. Soc. (Eng.), 23, 253-70(1924).—The harder the firing of clay 
brick the lower the true sp. gr. and the higher the conductivity. Decrease in porosity 
by any means causes increase in the thermal condy. H. F. &. 

The thermal conductivity and some other properties of two commercial heat in- 
sulating brick used in kiln construction. A. T. Green. Trans. Ceram. Soc., 23, 
271-6(1924).—One batch of brick was made by mixing diatomaceous earth with 
15% of cork and sawdust and firing to 890°C. The other was made by mixing diato- 
maceous earth with 15% sawdust and 10% clay and firing to 890°C. The second brick 
had much the greatest mech. strength. The thermal condy. was slightly higher. The 
condy. of these brick was about '/, that of fire clay brick at temp. about 500°C. 

H. F. S. 

Graphite in Nyasaland. Anon. J. Soc. Chem. Ind., 44, 219(1925).—Flake graph- 
ite which has been worked in Nyasaland is reported by the Brit. Imperial Inst. to be 
of excellent quality, equaling the best grades of the Ceylon mineral. H. H. S. 

Interesting facts about refractories. Frep A. Harvey. Fuels and Furs., 2 (4, 
5, 6, 7, 8], Apr. to Aug. (1924).—The first paper deals with silica brick; sources of raw 
mat., compn., mfr., props., density, softening point, strength, porosity, sp. ht., therm. 
condy. and expansion. Diff. between permanent expansion on firing and subsequent 
htg., which is reversible, is noted. The second article deals with fire clay brick in 
same manner with the addn. that, under properties, slag action, spalling and abrasion 
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are here given. The third article deals with silica, fire clay and spec. cements. Dangers 
of adding too much fire clay to grd. silica bat, which greatly lowers the fusion point, 
are pointed out. Methods of raising the fusion point by finer grinding and decreasing 
fire clay content, as well as subst. raw ganister for a part of the silica bats are mentioned. 
For fire clay brick a mixt. of 20 to 30% calcined clay grd. with 80 or 70% raw clay of 
same compn. as the brick makes best cement. Use of “black strap” molasses for ob- 
taining a hard cement without lowering the fusion point, is also mentioned. Part IV 
is a discussion of the mfg. and props. of magnesite, silicon carbide, aluminous refrac., 
alundum, dolomite, diatomaceous earth and zirconia. Part V deals with the testing of 
refrac. A gen. discussion of the three classes of “‘failures’’ and suitable tests is followed 
by concise directions for sampling, inspection, how to judge silica brick and shapes, 
vol. change on re-htg., softening point, d., load test, crushing and mod. of rupture, 
spalling, slagging, abrasion, condy., fineness and plasticity. Altogether a very interest- 
ing and complete series of articles on this subject. R. D. b. 
Refractory industry in Canada. W. G. WorcrsTER. Contract Rec. and Eng. 
News, 39, 111(1925).—Saskatchewan clays particularly are being developed with 
remarkable success. It is only recently that the possibilities of the refrac. clays of Sask. 
have been known. The important refrac. clay deposits in Canada are those at Clay- 
burn, B. C.; those at Dirt Hills, S. Sask., and the siliceous kaolinite deposits at St. 
Remi, P. Q. In Sask. there is evidence to warrant the assumption that the deposit is 
very large. Development work has progressed materially. The Canadian Pacific 
and the Canadian National Railways have installed the Sask. products on a number 
of their locomotives, first in conjunction with imported arch tile and later, through the 
findings of the first tests, they had no hesitancy in sending out locomotives equipped 
completely with Sask. tiles. Results have been most satisfactory; in some cases the 
local tiles have outlasted imported tiles by many thousand miles service. Hand molded 
and machine made wares have been made which have entered into direct competition 
with imported wares. O. P. R. O. 
Refractory materials for constructing hearths and coke-ovens. W. SoHERR. 
Gliickauf, 60, 1055-63(1924).—A review of the phys. chemistry of the behavior of 
refrac. including the system CaO-SiO,—Al,O;, which in itself suffices to explain the 
behavior of most materials. Silica stone prepd. by adding milk of lime to quartzite 
shows, in the form of thin sections, the individual metamorphic forms of silicic acid, 
quartz, tridymite and christobalite. By this means the quality of the stone can be 
judged. (C. A.) 
Silica brick and its manufacture. H. Scumuinc. Chem.-Zig., 49, 6-7(1925).— 
The refractoriness of silica brick depends upon the network of tridymite crystals formed 
in the firing to cone 15. Microscopic methods furnish the only reliable means of testing 
since chem. analysis is useless. Too coarse a structure in the quartzite is undesirable 
because of difficulties of soln. in the flux (CaO) and crystallizing out as tridymite. 
The CaO plays a double réle: (1) it acts as a flux, forming the matrix from which the 
pseudo-hexagonal tridymite crystals form and (2) the Ca silicate acts as a binder. 
The MgO content of the fired CaO should not exceed 5%, because the consequent in- 
crease in viscosity hinders the formation and crystn. of tridymite. The purer the 
CaO, the better. 


PATENTS 
Kaolin refractory and process of making the same. Isaac HARTER and ANTHONY 
M. Kouuer. U. S. 1,530,260, March 17, 1925. A refractory article consisting of 
particles of kaolin fired at a temp. of not less than 3000°F and bonded with kaolin. 
Art of manufacturing zirconium compounds. LoNNIE W. Ryan. U.S. 1,530,139, 
Mar. 17, 1925. The method of mfg. zirconium compds. which comprises decomposing 


| 
| 
| 
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a siliceous zirconium ore with not more than twice its weight of sulphuric acid, neu- 
tralizing the free acid in the resulting soln., pptg. a granular basic zirconium sulphate 
from said soln. and sepg. the pptd. granular basic sulphate. 

Fire brick for furnace walls. CHARLES D. Howren. U. S. 1,529,183, Mar. 10, 
1925. A fur. wall and the like having vertical and horizontal air channels, said wall 
being formed of fire brick having transverse openings inter- 
mediate the ends thereof forming the vertical air channels, 
and transverse surface grooves connecting the said openings 
and forming the horizontal air channels, said brick also having 
surface grooves extending in the direction of their lengths, the 
latter grooves outletting through one end of the brick and com- 
municating at their opposite ends with said air channels. 

Making open-hearth-furnace bottoms. Harry M. Scnaas. U. S. 1,529,219, 
Mar. 10, 1925. The method of making open hearth fur. bottoms which consists in 
directing a stream of gaseous fluid into the fur. and against es 
the portion of the fur. which is to be repaired from a point \ “tl =< 
outside the fur., and introducing crushed dolomite to the | Near: 
stream while maintaining a dolomite fusing heat in the fur., iS 
the dolomite being introduced to the fluid stream in such (9 (S) 
manner that all particles of the dolomite will be immediately 
subjected to the action of the fluid stream, substantially as described. 

Refractory material. DyNAMIDON-WERK ENGELHORN & Co., Ges. Brit. 221,799, 
Sept. 14, 1923. Burnt magnesite or MgO contg. little or no flux is finely ground, 
pressed and sintered at 1500-1600°. The MgO may be hydrated before sintering and 
the sintered material is crushed and may be used as a mortar or for making brick. 
Clay, starch or tar may be added to facilitate molding and fired or hydrated magnesite 
5-10% may be added to the sintered material. Cf. C. A., 18, 1889. (C. A.) 

Refractory compositions containing zirconia. G. KALLEN. Brit. 221,852, June 
12,1923. Refractory articles are made by firing a mixt. of crude Zr ore and a plurality 
of different binding ingredients which soften progressively with increase in temp. such 
as water glass, glass of low m. p., dolomite, feldspar, port. cement, magnesite, clay or 
bauxite; e. g., Zr ore 88, dolomite 9 and feldspar 3 parts are mixed with a 3% water 
glass soln., molded and fired at about 1000°. A fireproof paint is formed from Zr ore 
40, water glass 20, dolomite 20, casein 5 and H,O 20 parts. (C. A.) 


White Ware 


Investigations leading to the discovery of the cause of excessive sagger breakage. 
W.Stecer. Trans. Ger. Ceram. Soc., 5, 3(1924).—Three main causes are (1) use of un- 
suitable raw mats. and unfavorable batch composition; (2) imperfect prepn. of the 
batch; (3) improper firing. This article only covers investigation under (1) and by 
detg. and charting the thermal expansion in 4 temp. zones between 20° and 750°C of 
clays varying in free silica content between 3% and 73% the critical periods of quartz 
and cristobalite inversion are clearly shown. ‘The rapid expansion of the clays high 
in free SiO, naturally leads to lowered resist. to temp. changes and it is therefore im- 
portant that in the initial firing all the free SiO, is taken into soln. The tests brought 
out that all clays contg. free SiO, have certain critical temp. ranges in which they are 
more susceptible to temp. changes on acct. of the changes of the quartz to other forms. 
The extent of the volume changes involved is dependent on the grain size and crystallic 
nature of SiO, bearing mat., the finer the grain the greater the change in vol. Mats. 
suggested to take the place of quartz are mat. with high alumina content, carborundum 
and natural sillimanite. F, A. W. 
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The influence of grain size on the solubility of quartz in feldspar in porcelain fire. 
Kurt Werze.. Trans. Ger. Ceram. Soc., 5, 2(1924).—Quartz grains of uniform size 
are dissolved at a uniform rate by melting feldspar. In the series potash spar—quartz 
the soly. of the coarsest grained quartz used was 95% rising gradually to 100% for the 
finest grains. If a mixt. of grains is used the finest will be completely dissolved and the 
coarser ones only partially. Practically no difference in soly. was noted between 
Hohenbocka sand and Norwegian quartz. Different grades of feldspar showed more 
marked variation. Norwegian feldspar has a higher soly. than soda feldspar from 
N. Bavaria. Addition of strong flux such as lime or magnesia increases the soly. A 
comparison between the soly. of feldspar and a porcelain body showed close similarity. 

F. A. W. 

Changes in a porcelain body during firing. R. Rieke. Trans. Ger. Ceram. Soc., 
5, 5(1925).—Trial pieces measuring 2 x 1'/, x */s” were made from a hard porcelain 
body with a rational anal. approx. 55% clay subs., 25% quartz, 25% feldspar. These 
were fired in a commercial porcelain kiln to Seger cone 15 in 36 hours and drawn at 
intervals of 50°C. Both unfired and previously biscuited pieces were tested. Changes 
in shrinkage, porosity and sp. gr. are governed by the behavior of the clay subs. at 
temp. below the m. p. of the feldspar (1150-1200°C). Marked change in sp. gr. most 
noticeable around 940°C. Immediately after the feldspar has melted the formation 
of 3Al,0;.2SiO, crystals commences and reaches its max. around 1375°, continuing dur- 
ing the cooling. A filling of the fine pore spaces of the mat. with carbon, etc. during the 
early stages of firing could not be detd. Further tests with a biscuited hard porcelain 
body No. 2 having a very high clay subs. and low quartz content showed a marked 
drop in % pore space between 950° and 100°C and then a lag until 1070°C followed by 
another sharp drop, reaching complete vitrification about 100°C earlier than body 
No.1. This indicates that a suitable quartz content promotes a more gradual shrinkage 


TABLE I 
HARD PoRCELAIN Bopy No. 1 (Raw) 
Linear Porosity 
Temp. shrink. Absorption Sp. in vol. Loss on 

No. in deg. C in % in % gr. N ignition Color 

1 460 0.52 te gone 6.85 Dark gray 

2 520 0.52 22.5 2.631 37.2 6.90 Dark gray 

3 610 0.52 22.8 2.564 37.0 1.48 Light gray 

4 665 0.52 24.5 2.570 38.6 1.17 Lighter than No. 3 
5 715 0.52 24.6 2.572 38.7 0.88 Lighter than No. 4 
6 765 0.52 24.9 2.593 39.3 0.67 Like No. 5 

7 865 0.52 25.4 2.575 39.5 0.45 White 

8 925 0.52 25.3 2.582 39.5 0.32 Very light pink 

9 965 1.17 25.2 2.629 39.8 Very light pink 
10 1025 1.30 25.1 2.636 39.8 White 

11 1080 3.64 20.3 2.623 34.7 Slightly yellowish 
12 1120 7.59 13.5 2.599 25.9 Slightly yellowish 
13 1160 9.16 9.9 2.588 20.3 Yellow 
14 1205 11.74 3.5 2.547 8.2 Grayish yellow 

15 1250 12.56 0.2 2.499 0.4 Blue gray 
16 1305 13.15 2.489 Blue gray 
17 1350 13.08 2.471 Blue gray 
18 1410 12.82 2.441 Grayish white 
19 1410 12.04 2.451 White 
20 Cooled 12.30 2.460 Yellowish white 


in kiln 
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TABLE IT 
HARD PORCELAIN Bopy No. 1 (BISCUITED) 
Linear Porosity 
Temp shrink. Absorption in vol. 
No in deg. C in % in % Sp. gr. / Color 
1 460 0.4 24.2 2.637 38.9 ) 
2 520 0.4 24.4 2.638 39.1 | 
3 610 0.3 24.4 2.639 39.2 | 
4 665 0.3 24.4 2.635 39.1 | 
5 715 0.3 24.6 2.631 39.3 > Pink 
6 765 0.3 24.3 2.668 39.3 | 
7 865 0.3 24.1 2.634 38.8 | 
8 965 0.3 24.2 2.631 38.9 | 
9 925 0.3 23.8 2.639 38.6 
10 1025 0.6 23.7 2.641 38.5 | 
il L080 2.78 19.6 2.620 34.0 
12 1120 6.32 13.5 2.605 26.0 | 
13 1160 718 10.9 2.588 22.0 
14 1205 9.55 4.8 2.531 10.9 | 
15 1250 10.84 0.2 2.495 0.4 } Same as Table I 
16 1305 11.20 0 4.484 o | 
17 1350 9.68 2.474 | 
18 1410 9.85 2.551 
19 1410 9.16 2.454 | 
20 Cooled 9.16 2.461 ) 
in kiln 
III 
HARD PORCELAIN Bopy No. 2 (BIScUITED) 
Linear Porosity 
Temp shrink Absorption Sp. gr. in vol. 
No. in deg. C in % in % % Color 
1 540 0.3 24.8 2.557 38.8 } 
2 640 0.0 24.5 2.566 38.6 | 
3 700 0.3 24.4 2.572 38.6 | Pink 
4 755 0.3 24.8 2.564 38.9 | 
5 825 0.3 24.7 2.574 38.9 | 
6 905 0.4 24.1 2.585 38.1 | 
7 950 1.2 24.2 2.621 48.8 | 
8 980 1.6 18.9 2.637 33.3 | 
9 1020 1.9 18.0 2.633 32.2} White 
10 1070 3.6 18.6 2.622 32.8 | 
11 1090 5.9 12.3 2.603 24.2 } 
12 1120 10.5 5.6 2.580 12.6 Yellow 
13 1150 12.3 0.2 2.520 0.5\ Gray 
xray 
14 1180 12.0 0.2 2.523 0.5 | 
15 1210 12.4 0.0 2.518 0.0 | 
16 1250 13.0 2.527 .... ?  Bluish gray 
17 1300 13.4 2.515 } : 
18 1350 13.5 2.524 ee Grayish white 
19 1400 12.9 2.509 Bed White 
20 Cooled 11.6 2.530 Yellowish white 
in kiln 
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and vitrification and thereby lessens the danger of warpage. ‘Tables I, II and III 
show comparative results. F. A. W. 
Improperly pugged clay and its effect on: (a) The wage earning capacity of the 
operatives; (b) the loss of defective ware to the employers. ArruHur Hoiuins. Trans. 
Ceram. Soc. (Eng.), 23, 157-75(1924).—H. spoke as representative of the National 
Society of Pottery Workers. Vertical pug mills produce clay that is not so consistent 
or homogeneous as clay from horizontal pug mills. Pugging rolls, such as are used 
on the Continent, produce the best pugged clay but their output is limited to 250 pounds 
every 25 minutes. For rapid working and a good final product, the pugged clay should 
be uniform in consistency (hardness), plasticity, and homogeneity (closely allied to 
consistency but including elimination of air bubbles). The pugged clay given to various 
classes of workers should be of proper consistency for that particular work. Improperly 
pugged clay may be too hard or too soft, may contain both hard and soft clay, may 
contain air bubbles. These defects slow down working and reduce the operators 
wages. They also reduce the employers profits. Non-uniform sizes in finished ware, 
due to variation in water content of pugged clay, cause difficulties in fitting decorative 
patterns and reduce transferrers wages. ‘Too soft clay reduces the life of molds by 
causing a pin-holed surface. Clay that is too wet produces pin-holed ware. Clay 
should be stored after pugging. Water should never be added at the pug mill. If 
clay has become too dry it should be re-blunged. The pugging of clay should be in the 
hands of more intelligent men than is commonly the case. H, ¥.'S. 


The discovery of china in Europe. J. W. MELLor. Trans. Ceram. Soc. (Eng.), 
23, 179-81(1924).—In 1709 J. F. BérrcErR, a German apothecary apprentice, working 
in the Disden Laboratory of Augustus the Strong, King of Poland, first made true hard 
porcelain in Europe. In France in 1765, Mme. Darnet, the wife of a medical man of 
St. Yrieix near Limoges, noticed a white clay abundant in the community and sent it 
to a chemist to det. whether it could be used as a sort of natural soap. He identified 
it as a mixt. of kaolin and feldspar and this led to the French china indus. In England, 
Wa. CookworTHY, a chemist, made an exhaustive search for china making mats. and 
finally in 1768 discovered suitable mat. at St. Stephens near St. Austell. He established 
2 factories for making hard porcelains but this kind of manuf. was abandoned after a 
few years. However the mats. discovered by CookwortTny were used in other branches 
of ceramics. H. F. S. 

Electrical porcelain: the effect of varying the composition upon some of its prop- 
erties. ERNEST WaTKIN. Trans. Ceram. Soc. (Eng.), 23, 185-210(1924).—Substi- 
tuting feldspar for flint reduces the maturing temp. of the body, producing a more 
glassy structure, which has a higher sp. gr., but which is weaker mechanically. The 
sp. elec. resist. is decreased, but the dielec. strength is increased. This evidence dis- 
proves any relationship between the sp. resist. and dielec. strength. Substituting clay 
for flint increases both the dielec. strength and sp. resist., but reduces the mech. strength. 
Substituting ball clay for china clay has a deleterious action on all properties investi- 
gated, elec. and mech. Substituting red clay for china clay reduces slightly both the 
dielec. strength and sp. resist., also the mech. strength. Substituting zirconium silicate 
for flint greatly increases the mech. strength, but has little influence on the elec. prop- 
erties. Substituting steatite for feldspar increases greatly the sp. resist., but has little 
effect upon the dielec. strength or the mech. strength. H. F. S&S. 

Note on alkaline casting slip. F. S. Worrnincton. Trans. Ceram. Soc., 23, 
277(1924).—The amt. of contraction to which cast ware is subject in drying and firing 
is affected by the weight of solid matter per pint of slip, the greater the weight per pint 
the less the contraction. Ware cast with light slip is more liable to craze than ware 
cast with heavy slip. H. F. S. 
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Glaze defects on whiteware. A. ScHosiix. Keram. Rund., 33, 7-9(1925).— 
If the acid content of a glaze is too low it will not unite thoroughly with the body. If 
the acid content is too high there will not be sufficient basis to form a good glass. In 
the first case the glaze will either run from the body or else become absorbed by the 
body because of its low viscosity. Glazes contg. too much SiO, will develop matt 
glazes due to the crystn. on the surface which can be seen under the microscope. If 
the content of silica is too high the mtg. point of the same may often be increased suffi- 
ciently to cause small pits to remain upon the surface due to gases which have escaped 
through the glaze in firing. Too much whiting will also cause a crystn. of the glaze 
as well as small bubbles on the surface. This trouble can often be overcome by adding 
a small amt. of flint to the glaze. If too much flint is added needle-like crystals are 
formed on the surface of the glazes which contain both Ca and SiQ.. The crystals formed 
on the surface of glazes contg. too much BaO are entirely different from those formed 
with too much SiO, or CaO. A very good matt may be produced in this manner. 
Glazes contg. too much BaO are very susceptible to sulphuring. Strong oxidizing 
firing facilitates the combination of the S gases with the Ba in the glaze and a slightly 
reducing atmos. should be maintained to minimize this action. Underfired glazes often 
have a matt appearance not due to crystn. When these glazes are examined under 
the microscope they appear to be covered with many small air bubbles which give 
them the matt appearance. H. G. S. 

Glazes in the ceramic industry. P. P. Bupnrkorr. JI[svestia Ivanovo- Vosnessens- 
kovo Politech. Inst. (Russia), I, 87-97(1919)—The properties, compns. and methods 
of prepn. of various glazes for various substances are given, also methods of applying 


Equipment and Apparatus 


Portable equipment for transverse tests of brick. H. D. Fosrer. The Clay 
Worker, 83 [3], 234-6(1925).—The app. as developed at the U. S. Bur. of Stand. 
is described. A detailed drawing from which it can be built is given. P. D. H. 

Temperature-load determinations and their possibilities. Hans Hirscu. Trans. 
Ger. Ceram. Soc., 5, 3(1924).—Describes tests made with a Steger lever press and a new 
app. developed in the ‘“‘Laboratory for Clay Industries,’’ Berlin. These both have a 
sensitive recording device. Small test pieces having a cross-section of 8 cm.? were used 
and heated in an elec. fur. with a temp. advance of 4-5°C per min. Pressures used 
were 1 kg. per cm.? for silica brick and 2 kg. per cm.? for clay brick. Numerous charts 
show the behavior of widely different refrac. bodies and kaolins. Those with increasing 
Al,O; content showed a more gradual softening range. Refractories high in silica 
showed a preliminary expansion and then a rapid softening. Kaolin showed an irreg- 
ular curve indicating a retardation in the softening at certain stages. F. A. W. 

The quartz spectrograph in mineral analysis. E. W. Topp. Univ. Toronto 
Studies, Geol. Ser., No. 17, 66-8(1924).—The use of a spectroscope in qual. detn. of the 
elements present in a mineral, and in forming a rough est. of their abundance, is illus- 
trated by several examples. (C. A.) 

PATENTS 

Device for measuring the specific gravity of material consisting of gravel. ULricu 
TILLINGER (Charlottenburg). Ger. Pat. 399,080. Chem. Zentralblatt, 2 [14], 1845 
(1924). The mat. is put in an air tight container in which the vol. of air surrounding 
the mat. can be changed. By changing the air vol. in the container the difference of 
the air press. indicates the sp. gr. of the mat. W. S. 

Ceramic press and the like. HimMar MUELLER. U. S. 1,530,053, Mar. 17, 1925. 
In a mach. of the character set forth, in combination with the plunger, die case and face 
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plate, friction means yieldingly sustaining the 
die case at any elevation to which it is moved, 
and power driven mechanism for raising and 
lowering the die case and so acting as not to 
interfere with the depression of the die case by the 
face plate during the pressing operation. 
Viscosity comparator. LESLIE R. PRIEST. 
U.S. 1,529,811, Mar. 17, 1925. A viscosity com- 
parator comprising a pair of receptacles respec- 
tively adapted to receive and contain a supply 
of standard liquid and a supply of the liquid to 
be compared therewith, each receptacle having 
associated therewith an orifice through which 
“SSP the liquid contained 
= therein may flow, the 
areas of said orifices 
bearing a known rela- 
tion to each other; 
means for producing press. in the liquids contd. within said 
receptacles to cause said liquids to flow through said orifices; 
a connection between the press. producing means of the two 
piigs receptacles to cause the press. of the 2 liquids to bear a known 
relation to each other; and means for indicating the viscosity differential between said 
liquids as detd. by their comparative rates of flow through said orifices. 


Method and means for treating material. Pui A. Stncer. U. S. 1,528,995, 
Mar. 10, 1925. In a treating system of the character described the combination of a 
series of treating pipes and cyclone 
collectors in alternate arrangement, the 
pipes being substantially vertically 
disposed throughout a materially large 
part of their respective lengths, one 
of said collectors being at the rear end 
of the system, each intermediate col- 
lector having means associated there- 
with for feeding finely divided mat. : 
into the treating pipe next following au” » 
in the direction of travel of the mat. a Kink. 
through the system, means for intro- : — 
ducing such mat. into the first pipe of wit 
the series, means for causing an aeriform treating current to flow in each of said pipes, 
and with a greater velocity in the first thereof, to carry such material to the collectors 
respectively, and means for conveying exhaust current from one of said collectors and 
discharging it into the system at a place ahead of one of said collectors. 


Rabble and rabble arm for metallurgical furnaces. Lovis R. Keuiey. U. S. 
1,529,256, Mar. 10, 1925. The combination of an arm having a channel opening 
laterally through one side of the arm, the side walls of the channel being oppositely 
directed to form supporting flanges, a 
plurality of members removably sup- 
ported by said arm upon said flanges 
and substantially closing the other- 
wise open side of the channel, and 
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passageways formed in each of said members to permit air to pass therethrough from 
within said channel. 

Mechanism for handling brick molds. Davin J. StrickLanp. U. S. 1,529,452, 
Mar. 10, 1925 Ina brick mach., the combination with a pug mill adapted to fill a 
series of molds fed thereunder, of 
a pair of arms adapted to receive 
said filled molds and deliver them 
to a conveyor, a second conveyor 
for receiving said filled molds and 
upsetting them and means engage- 
able with said molds before and 

abs after upsetting whereby the brick 
Ve Jo are loosened therein. 
a Brick machine. Davi J. 
STRICKLAND. U., S. 1,529,453, 
Mar. 10, 1925. Ina brick making mach., _ 
the combination with a_ reciprocating 
carriage, of a rock shaft carried by said 
carriage, mold receiving arms connected 
to said rock shaft, means for normally 
holding said arms elevated together with j 
means for depressing said arms. In a 
brick making mach., a mold having an Tcniccastlnatth 
inclined rabbeted shoulder at each end 
thereof. 

Glass furnace. ALLAN GRAUEL. 
U.S. 1,529,480, Mar. 10,1925. Ina glass 
fur. the combination with the closed fur. | 
wall and foundation bed having channels ” , 
formed therein, of glass pots placed between the 
channels, and an incandescent body contd. in said 
channels and radiating its ht. upward around the 


1 glass pots. 
Method and apparatus for transferring dust. 
JoserH B. Tayior. U. S. 1,528,348, Mar. 3, 
1925. Means for compressing dust to expel the 
ARK BACKCQEOQG air therefrom in a uniform and continuous man- 
4 é 5 


ner, comprising screw conveyor and 

a slightly flaring tube surrounding ~ 
the same and extending beyond the 
end of the screw. es 


af 


Bu 


Device for the measurement of heat. Ernst 
Scumipr. U. S. 1,528,383, Mar. 3, 1925. In a 
device for measg. the ht. flow from bodies, a member 

@ having flat surfaces, one surface of which is applied 
ce 3 to the body, the ht. flow from which is to be mea- 
7 sured, thermal-elec. means associated with the 
yY opposite surfaces of said member and adapted to 
respond to temp. differences between the surfaces 
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of said member, and means connected in series with said thermo-elec. means and 
calibrated to indicate the degree of said response. 


Kilns, Furnaces, Fuels and Combustion 


Oil burning and oil-burning equipment. W. fF. Scuapnorstr. Jour. Ind. & Eng. 
Chem., 17 [1], 5-10(1925).—A resumé of the uses of oil in chem. and ind. plants as fuel 
and its advantages. There are two broad classifications of burners (1) steam jet or 
air jet and (2) mechanical atomizing. Advantages and disadvantages of each are 
given. Shape and combination of openings in various burners appear to make little, 
if any, difference in burner efficiency. Data are included on htg. of oil, fur. vols. re- 
quired, current prices of oil and’a few typical burners are shown. aR. DD: 

The analysis of fuel gas. S. W. Parr AND F. E. VANDEVEER. Univ. of Ill. Eng. 
Exp. Sta., Circ. 22, No. 12, 8.—A 41 pg. bull. giving in convenient and concise form, 
practically all information necessary for analysis of the fuel gases, i. e., by-product coke 
oven, retort, water and carbureted water and natural gases. A description of the 
Ill. Gas App., an adaptation of the Morehead type, which is a simple and accurate app. 
for gas anal., will be of interest to ceramic mfrs. | ae) 

Oil burner has no atomizer. ANoNn. Ceram. Indus., 4 [2], 156(1925).—A new 
mech. oil burning system is described. A feature of the burner is that it requires no 
atomizing agent such as steam or compressed air. P. D. H. 

PATENTS 

Tunnel furnace. CHARLES M. Srein. U. S. 1,529,755, Mar. 17, 1925. The 
method of operating a tunnel furnace which comprises conducting a gaseous current, 
which is to enter into combus- 
tion, past the heated material to 
preheat the gaseous current, 
forming a combustible mixt. in- 
cluding said gaseous current, 
igniting the mixt., and passing 
the products of combustion along the material to be heated at a relatively higher 
velocity than that at which the gaseous current moves past the heated mat. 

Recuperator structure. CHARLES M. Srein. U. S. 1,529,756, Mar. 17, 1925. 
A recuperator structure comprising tiles having substantially vertical air passages there- 
in, the tiles being built into parallel 
spaced columns, substantially hori- 
zontal plates extending between ad- 
jacent columns to provide waste gas 
conduits extending across the recu- 
perator from side to side, chambers 
disposed respectively at said above- 
mentioned sides of the recuperator 
and in communication with said con- 
duits, bracing members extending 
between the outer walls of said 


chambers and the outer sides of the 
end tiles of the several respective 
columns, and substantially horizontal baffle plates extending across one of said chambers 
and supported by said bracing members to divide said chamber into upper and lower 
sections, individual draft regulators being provided between adjacent pairs of bracing 
members in one of said chambers. 


| 
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Electric furnace. Harry A. MuLVANY and Harry E. KENNEpy. U.S. 1,529, 368, 
Mar. 10, 1925. In a fur. of the character described, a brick lining, each brick of 
said lining consisting of a base portion, a head at each 
end thereof, a central web extending between the head 
members and forming a part of one of the head members, 
said web being separated and notched with relation to 
the opposite head member, said brick when placed in 
the furnace being alternately reversed, said webs when 
the brick are reversed forming zigzag channels between 


eg ; = the brick, and a heating element of zigzag formation 
H | | || adapted to be placed in the channels and supported at 
= be = opposite ends by the notched portion of each brick. 


Oven for firing refractories and the like. HerrmnricH Kopprers. U. S. 1,528,555, 
Mar. 3, 1925. A ring fur. for firing ceram. ware and the like comprising a plurality of 
chambers, partitions sepg. said chambers, ports at the lower ends of said partitions 
communicably connecting the lower portions of adjacent chambers with each other, 
ducts communicating with each of said ports through which means may pass to shut 
off communication through said ports, 
other ports at the lower ends of said parti- 
tions, said ports communicably connecting 
with an upwardly extending channel, said 
last mentioned ports and channels com- 
municably connecting the lower portion of one chamber with the upper portion of the 
next adjacent chamber, ducts leading to each of said last mentioned channels and 
ports through which means may pass to shut off communication through said ports. 


Geology 


Origin of red soils. E. BLANCK AND F. ALTEN. Landw. Vers. Stat., 103, 73-90 
(1924); Jour. Soc. Chem. Ind., 44B, 20(1925).—The effect of humic colloids on the 
penetration of iron compds. into clays and soils is examined. By allowing solns. of iron 
salts to drop very slowly from capillary tubes on to powd. marble and dolomite it was 
found that in the absence of humus the iron is pptd. immediately on the surface of the 
particles, whereas in presence of humus it penetrated much further. Differences in 
color were observed. The bearing of these expts. on the origin of red clays is considered. 

H. H. 

Fluorspar in S. Africa. Anon. J. Soc. Chem. Ind., 44, 239(1925).—Fluorspar 
averaging 99.5% CaF, with a max. of 0.3% SiO, is found in the dolomite formation near 
Ottoshoop, Zeerust. Owing to the extraordinary purity of the ore, no prepn. is neces- 
sary, and a considerable export trade has lately commenced. H. H. S. 

Belgian Congo minerals. Anon. J. Soc. Chem. Ind., 44, 239-40(1925).—Tin 
oxide (cassiterite) extracted in 1923 was 720 T.; uranium exports were 478 T.; and cobalt 
minerals are found. H. H. §&. 

Barytes (Canada). H.S.Spence. Can. Inst. Min. and Met., Bull. 155 (1925).— 
Canada possesses important barytes resources, which are little used to meet her re- 
quirements. Domestic demand is sufficient to enable a small mill to operate profitably, 
provided proper attention is paid to methods of preparation. The growing consumption 
of lithopone in Canada which is made from barytes and zinc, suggests that the manuf. 
of this mat. to meet domestic demand is quite possible. No lithopone is made in 
Canada at present. Oo. P. R. O. 

Clay (Saskatchewan). Anon. Sask. Bureau of Ind. (Regina), gth Annual Report 
(1924).—Among the known and tested deposits of Sask. clay may be listed those suitable 
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for use, wholly or in part, in the manufacture of: pottery or light ware, heavy ware, 
and refrac. These clays have been classified; records of tests are given from various 
districts; firing properties; fired color; chem. anal.; and a general brief resumé of clays 
of the Province in general are given. OF: RB. & 
Silica (Canada). L. H. Core. Can. Inst. of Min. and Met., Bull. 155 (1925).— 
Silica; its production; producing and prospective producing localities; method of prepn. 
for market; disposition of products; and present market conditions are discussed. 
P. BR. O. 
Feldspar (Canada). H. S. Spence. Can. Inst. of Min. and Met., Bull. 551 
(1925).—Feldspar; its deposits; producing and prospective producing areas; methods 
of preparation for market; disposition of products; and present market conditions are 
surveyed. O. P. R. O. 
Graphite (Canada). H.S.Spence. Can. Inst. Min. and Met., Bull. 155 (1925).— 
Canada possesses important flake graphite resources, the ore-bodies being among the 
richest of those known and exploited on this continent. Cost of mining and recovery 
of the flake from hard gneissic ores puts operators at a serious disadvantage, and permits 
of cheaply-won Madagascar flake underselling the Canadian products in the U. S. 
market. There are no domestic crucible works to absorb production, and the Brit. 
and European markets are taking increasing amts. of Madagascar flake. O. P. R. O. 
Alunite (New South Wales). L. F. Harper. Geol. Surv., Bull. 8 (1924).— 
This bull. gives a brief record of alunite in New South Wales. Only one workable de- 
posit has yet been found, and geol. investigations have been restricted as regards this 
occurrence. 0. P. R. O. 
Bauxite. L. F. Harper. (New South Wales.) Geol. Surv., Bull. 8 (1924).— 
Aluminium (alunite and bauxite): Much more field and lab. work is necessary before 
detailed acct. can be given in regard to bauxite. Some of the analyses of trial samples 
indicate that true bauxite occurs in N. S. W., and attention is drawn in this bull. to 
possible value of the deposits from which these analyses were obtained. O. P. R. O. 
Refractory clays of central Russia. M. M. Pricorovsku. Matter on natural 
resources of Russia, No. 35, 59 pp.(1922); Rev. Géol., 5, 98-9.—There are 5 types of de- 
posits: (1) sandy clays with 50-60% pure clay, used for making saggers; (2) nearly 
pure clay with 85-92%, contg. fossil wood used for earthenware; (3) carbonaceous clay, 
70-80%, with flakes of mica, particles of carbonaceous matter, and pyrite, used some- 
times for saggers; (4) micaceous clay; (5) foliated clay. The purer clay is sedimentary; 
the others were formed by the alteration of limestones. (C. A.) 
Bauxite associated with siderite. E. F. Burcnarp. Bull. Geol. Soc. Am., 35, 
437-48(1924).—A new bauxite field has been found in N. E. Mississippi. Associated 
with the bauxite are lenticular masses of siderite, 6 to 20 in. thick, which alter easily 
to limonite. Most of this bauxite contains so much Fe,O; and SiO, that it is considered 
low to medium grade: Al,O; (bulk) 35-45%; Fe,O; 5-35%; SiOz 10-30%. Geologic 
relations seem to indicate a deposition in fresh water peat swamps. (C. A.) 


Chemistry and Physics 

The effect of prolonged grinding on the density of quartz. A.J. Dave. Trans. 
Ceram. Soc. (Eng.), 23, 211-6(1924).—The density of a given sample of quartz is 
dependent on the grain size of the sample taken, diminution of grain size, down to a 
certain limit, causing a slight increase in the d. of the mat. Prolonged grinding of vein 
quartz in an agate mortar causes a reduction in d. H. F. S. 

Mechanical composition curves of soils, clays, and other granular substances. 
G. W. Ropinson. Jour. Agri. Sci., 14, 626-33(1924); Jour. Soc. Chem. Ind., 44B, 
19(1925).—A study of the mech. compn. curves of typical soils, clays, etc. With mats. 
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of uniform origin, such curves are smooth and, for ordinary soils, of a sigmoid type. 
The steepest portion of the curve gives the modal fraction, 7. ¢., the fraction present in 
greatest frequency. In very heavy clays the modal fraction is at the lower limit of the 
range, while for mechanically disintegrated mats. it is at the upper limit of the range 
of particle size. The use of the logarithm of settling velocity in water is recommended 
as a measure of particle size. For ordinary clays and soils the lower limit appears to 
be given by log v = 7.0000. The limit for “clay” in mech. anal. should, it is suggested, 
be log v = 5.0000. H. H. S. 
Base exchange in relation to adsorption. E.A.FisHerR. (Faraday Soc. Meeting, 
Dec. 2, 1924.) Jour. Soc. Chem. Ind., 44, 114(1925).—Many of the so-called adsorptive 
processes that go on in soils can be explained equally well on the basis of classical chem- 
istry. The dyeing of wool shows many points of resemblance to absorption by soil, 
and the two sets of phenomena are too similar for them to be entirely unrelated. True 
adsorption probably plays an insignificant réle in the soil; and with many other colloidal 
mats. also ‘“‘adsorptions in colloidal systems’’ is synonymous with ‘‘the chem. reactions 
of colloidal subs.” &. 
Volumetric determination of Pb;O, in red lead. E. F. Ficc. Jour. Soc. Chem. 
Ind., 44, 68T(1925).—M. Ligsic’s method of treating red lead with acetic acid and a 
known amt. of sodium thiosulphate, and titrating back with iodine, suffers from the 
fact that a copious ppt. of PbI, masks the end-point. L,. uses a large excess of sodium 
acetate to prevent the pptn. This method gave 88.0% Pbs:O, as against 86.8% by the 
method of Dren, and Torr, and the higher figure is regarded as more accurate. 
H. H. S. 
Adsorption. A.V. SLATER. Jour. Soc. Chem. Ind., 44, 161-—4(1925).—Absorp- 
tion is the process in which mols. of two subs. completely intermingle to form 
homogeneous mixtures or solns.; adsorption is the concentration of one subs. at the 
surface separating it from another, causing a layer of increased concn. only a few mols. 
thick at most. Adsorption follows Freundlich’s formula V = KC!/" where V is the 
amt. adsorbed, C the concn. in the liquid and K and m constants depending on the nature 
of the soln. and the adsorbent. Defining a polar subs. as one affected by an electric 
field, and a non-polar subs. as one not thus affected, the rule is that polar adsorbents 
adsorb polar subs. and non-polar adsorbents adsorb non-polar subs. from soln. better 
than adsorbents from the other class in each case. Thus silica gel adsorbs polar subs. 
like water most easily, while active carbon has a greater attraction for non-polar subs. 
such as benzene. The effect of chem. attraction on adsorption is given by Langmuir’s 


formula: 


No 
M =— 
N 


where M = mols. adsorbed; No = number of available valencies per unit area; N = 

Avagadro constant 6.1 X 1075; y = rate of evaporation from completely covered 
surface; 1 = number of atoms or mols. striking the surface. H. H.S 

X-ray laws in the field of optics. R.A. Mm.iKan AnD I.S. Bowen. Proc. Nat. 

Acad. Sci., 11, 119-22(1925).—It is proved exptly. that Moseley’s law, with its corol- 
lary, the irregular-doublet law, holds in the field of optics as in the field of X-rays. 
K. &. 

Conversion of flint into amorphous quartz. RicHarp Grin. Stahl u. Eisen, 

44 [30], 883-7(1924).—Testings of the author about the conversion of the crypto- 

crystalline flint into amorphous quartz showed that in heating the flint over 1200°C 

a noticeable conversion takes place. The d. decreases with increasing temp. At 

1500°C the d. of tridymite is reached. As the conversion takes place very fast, and the 
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flint becomes constant in vol. after being fired once, it possible to use flint in manu- 
facturing refrac. W. S. 
Influence of alumina and magnesia on the chemical properties of silicate slags. 
Bo Kauuinc. Jernkontorets Annaler, 108, 283-307(1924).—The examns. were based 
upon the principle of detg. the state of equil. in the liquid phase between the slag to be 
examd. and a metal bath of known compn. As metal baths, 18 alloys with increasing 
Si content, from 0.64 to 10.15% of Si, were used. The other constituents were 80- 
73% Mn, 6.35-3.3% C and 12.8-13.2% Fe. The slag was fused in an elec. resistance 
furnace in a crucible of Acheson graphite. When the charge was melted and the temp. 
had reached 1600° the metal was added in a pulverulent state, 15g. ineach expt. This 
small quantity was used in order that a variation in the compn. of the metal bath should 
have the least possible influence upon the compn. of the slag. After addn. of the metal 
the crucible with contents was kept at const. temp. for 1 hr. or more and then cooled, 
and the Si content of the metal was detd. If it had decreased an alloy with less Si was 
used in the next expt. This procedure was repeated until an increase in the Si content 
of the metal could be observed and so the point of equil. could be fixed rather exactly. 
The various slags were prepd. with the least possible content of FeO in order to obtain 
a sort of equil. between FeO in the slag and Fe in the metal. It appeared that the Fe 
content in the metal increased a little during the expts., but not more than 0.2-0.6%. 
Special care was taken that the furnace gases should not react with the slag. The first 
slag examd. contained SiO, 46, MnO 10, FeO 0.25, Al,O; 1.0, MgO 0.6 and CaO 42.2%. 
Equil. was found with a metal contg. 8% Si. When the Al,O; content was increased 
this compd. acted as an alkali, moving the point of equil. to a metal with less Si. In 
this slag 1 Al,O; corresponds to 0.14 CaO, or 1 AlO; = 0.23 CaO when caled. by wt. 
The effect of MgO was like that of CaO when calcd. by wt., ur in equiv. 1 MgO = 0.72 
CaO. Similar expts. were then carried out with a more basic slag contg. SiO, 37, MnO 
6.5, FeO 0.4, Al,O; 6.7, MgO 0.7 and CaO 48.8%. Equil. was found with a metal contg. 
1.50% Si. In this slag Al,O; acted as an acid and to just the same extent as its basic 
action in the more acid slag, 1 g. of AlpO; neutralizing 0.23 g. of CaO, or 1 Al,O; = 0.14 
CaO by equivalents. MgO was nearly equiv. to CaO by wt., or in equivalents 1 MgO = 
0.69 CaO. In regard to their influence upon S and P in metal baths, MgO and CaO 
can be considered equiv. when calcd. by wt.; AlO; has only very little influence. 
(C. A.) 
Density of the oxides of zirconium and hafnium. G. HEvEsy AND V. BERGLUND. 
J. Chem. Soc., 125, 2372—5(1924).—The oxides were prepd. from the sulphates by driving 
off excess of H2SO, at 400° and igniting finally at 1000°. The ds. at 20° are for ZrO, 
5.73, and for HfO, 9.67. The oxides prepd. from basic sulphates or from oxychlorides 
give values lower by as much as 0.2. The Hf content of Zr samples may be found with 
a fair degree of accuracy from the d. of the oxide prepd. from the normal sulphate. 
(C. A.) 
The separation of small quantities of calcium from large quantities of magnesium. 
V. Ropt aNp E. KinpscHer. Chem.-Zig., 48, 953-4, 964-5(1924).—The results of a 
series of expts. show that it is practically impossible to accomplish a successful sepn. 
of Ca from Mg by the conventional oxalate method when the Ca content amts. to only 
a few mg. in the presence of Mg equiv. to 1 g. MgO. On the other hand, more satis- 
factory results can be obtained by depending upon the soly. of MgSO, in dil. alc. in which 
CaSO, is practically insol. To the soln. contg. a little Ca and considerable Mg as chlor- 
ides, add sufficient N H2SO, to effect the decompn. of the Ca to CaSO, and evap. to 
dryness in a porcelain dish. Take up the residue in 3 cc. of water and heat on the water 
bath until the soln. becomes very thick on cooling. Then, while stirring well, add a 
mixt. of 10 vols. EtOH and 90 vols. MeOH until the vol. of liquid amts. to 50 ce. After 
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a short time filter and wash the residue well with a mixt. of 5 vols. EtOH and 90 vols. 
MeOH. Ignite the residue of nearly pure CaSO, and dissolve the ash in dil. HCI. 
Add (NH,):C,0, to ppt. CaC,O, in the usual way and det. the oxalate content of the 
ppt. by KMn0, titration. The results should be accurate within a few tenths of a 
mg. (C. A.) 

The separation of cadmium and zinc by means of hydrogen sulfide. G. Lurr. 
Z. anal. Chem., 65, 97-109(1924).—Although the soly. products of CdS and ZnS lie 
closely together, it is possible to effect a quant. sepn. of 0.2 g. of Cd, or less, from as 
much as 0.2 g. of Zn, provided care is taken to maintain conditions favorable to the 
deposition of cryst. CdS. Six methods out of 12 tested gave excellent results. Thus 
a quant. pptn. of CdS was obtained in the cold in a soln. contg. 9 cc. of coned. H:SO, 
and 20 g. of (NH,)2:SOx, by introducing H.S for 15 mins. and then gradually diluting to 
135 cc. If the pptn. is started at near the b. p., the H2S should be passed for 15 min., 
then small portions of water added at 5-min. intervals until in about 30 min. the vol. 
of soln. is increased to 135 cc. and finally the soln. is allowed to cool while H.S is still 
passed. A similar procedure with not more than 11 cc. of coned. HCl also gave good 
results. (C. A.) 

Electrolytic separation of copper, antimony, lead and tin. A. Lasstgur. Compt. 
rend., 179, 827-9(1924).—A method of analysis has been worked out, and will be pub- 
lished elsewhere in detail, which permits the successive electrolytic detn. of Cu, Sb, 
Pb and Sn. The Pb-Sn sepn. takes place in 225 cc. of soln. contg. 20 cc. of coned. HCl, 
5 ce. of coned. HF and 1 g. of NH,OH. HCI with a carefully regulated cathode potential. 
The electrolysis of the Pb is started at 60° and this temp. is maintained for 10 mins. 
after which the electrolyte is cooled to 20°. The Pb is deposited quant. as metal and 
no Sn is deposited if less than 0.375 g. of Sn is present. It is necessary to have the Sn 
in the highest state of oxidation, so that after the detn. of Sb, the soln. should be oxidized 
with H,O,. After the removal of the Pb, the soln. can be treated with 10 g. H;BO; 
and 10 g. of (NHi)2C20,, dild. to 300 cc. and electrolyzed for Sn with a Cu-covered 
cathode. (C. A.) 

The detection of lead in kitchen pottery. C.DEBRUN. Ann. fals., 17, 467(1924).— 
The following procedure is recommended as being more sensitive for detecting small 
traces: Pour 100 cc. of 6% AcOH in the container to be examd., cover with a glass 
plate, let stand 24 hrs., wash the soln. into a porcelain evapg. dish, add 5-6 drops of 
36° Bé. HNO, evap. to dryness on the water bath, take up in 5 cc. of boiling water, 
evap. to dryness, dissolve in 15 cc. boiling water, filter through a plain filter and wash 
to a total vol. of 50 cc. To 10 cc. of the filtrate add 5 drops of 10% KI (sensitive to 
1 part in 30,000) or of 10% K2CrO, (sensitive to 1 part in 100,000). When the amt. 
of Pb is near the limit of sensitiveness of the test, the PbCrO, begins to show up only 
about 15 min. after adding the precipitant and pptn. is complete only after 2 hrs. 

(C. A.) 
PATENTS 

Process of making arsenate of lead. Henry Howarp. U. S. 1,529,998, Mar. 
17, 1925. Process of making arsenate of lead which comprises heating to reacting temp. 
a mixt. containing arsenious oxid, a higher oxid of lead, a catalyst, and water in quan- 
tity at least sufficient to form a stiff paste. 

Method of separating impurities from solutions of tin salts. Smon JosEPH 
Lusowsky. U. S. 1,529,260, Mar. 10, 1925. The method of sepg. solid mat. in 
suspension from solns. of tin salts which comprises forming a hydrated oxide of tin in 
the soln. of tin salts to carry down the suspended matter, and then withdrawing the 
supernatant liquid. 

Method of producing crystalline oxide of tin. Smon J. Lunowsxy. U.S. 1,529,261, 
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Mar. 10, 1925. The method of producing a colored crystalline oxide of tin from 
pptd. tin hydroxides, which comprises heating the initial product at a temp. above 
1900°F, for a period of time sufficient to protiuce the desired color value, and suspending 
the heat treatment, when the desired color value is shown. 

Process for manufacturing aluminum compounds. Epson R. Woxcorr. U. S. 
1,528,039, Mar. 3, 1925. The process which consists in subjecting a mixt. of aluminum 
silicate mat. and carbonaceous mat. to heat to effect destructive distillation of the 
carbonaceous mat., collecting the products so distilled, subjecting the residual mixt. 
of aluminum silicate mat. and residual carbon to further heating action in the presence 
of a halidizing agent to produce and volatilize a halide compd. of aluminum, separating 
such compd. from the gases and vapors passing off therewith in the volatilization opera- 
tion, and treating the residual gases with material capable of absorbing the halogen 
in such gases and vapors to form a halide and returning the halide so formed to the 
htg. and volatilization stage of the cycle of operations. 


Zirconium compounds and pigments. D. Tyrer. Brit. 217,323, March 14, 1923. 
White pigments contg. ZrO, and alk. earth sulfate are obtained by pptg. together ZrO, 
or basic Zr sulfate and an alk. earth sulfate and calcining the pptd. mixt. Several 
detailed procedures are described for obtaining Zr compds. from ores and making pig- 
ments of this character. E. g., Zr ore may be treated with H;,SO, to effect partial extn., 
the solidified mass dissolved in H,O and the residue of the ore, alone or mixed with fresh 
ore, heated with BaCO; or a mixt. of BaSO, and C and flux and the product contg. 
zirconate dissolved in HCl. The solns. of chloride and sulfate may then be mixed in 
such proportions that the whole of the sulfate radical is pptd. by the alk. earth chloride 
present. BaCO; is then added to ppt. the remainder of the Zr and the entire ppt. is 
then sepd., dried and calcined, preferably at 1000°. (C. A.) 

Alumina and aluminium chloride. H6écaNnAs-Bu.tEsHOLMS AKTIEBOLAG. Brit. 
217,568, June 15, 1923. In the manuf. of Al,O; by treating clay, argillaceous slate or 
bauxite with HCl, pptg. AlCl, by HCl gas and calcining the chloride, the mixt. of HCl 
and steam liberated in calcining the crystals is used for pptn. of chloride from the soln. 
and part or all the mother liquor after sepn. of the crystals is used for dissolving more 
raw material. (C. A.) 


General 


Terra sigillata not Samian ware. J. W. Metuor. Trans. Ceram. Soc. (Eng.), 
23, 176-7(1924).—Terra sigillata was edible clay mined on the islands of Samos and 
Lemnos. It was used for many centuries, from at least 300 B. C. until the close of the 
Middle Ages, as a medicine. The red Samian pottery of the Romans had no connection 
with or relation to terra sigillata. 

Note on the use of woodwool as a packing material. B.Ousen. Trans. Ceram. 
Soc. (Eng.), 23, 182-4(1924).—Restrictions affecting the use of straw for packing for 
fear of its acting as a carrier of the foot and mouth disease has led to the considerable 
use of woodwool for packing in Europe. Woodwool costs more than straw, but it cuts 
down breakage in transit, and is clean and dustless in use. When freshly made it is 
soft and pliant. H. F. S. 

‘Sedimentation as a means of purifying clay. S. R. Hinp. Trans. Ceram. Soc. 
(Eng.), 23, 234~-52(1924).—Sedimentation (as a consequence of deflocculation) notably 
reduces the percentage of iron in the clay, but does not eliminate it entirely. The os- 
mosis machine effects no further sepn. of iron. Sedimentation either does not affect 
the propn. of other impurities (titania alkalis and alkaline earths) or slightly concen- 
trates them with the clay. The osmosis machine does not affect these impurities. 
Sedimentation gives a finer grained product and increases the contraction on drying 


150 CERAMIC ABSTRACTS 


and firing and increases the refractoriness of the clay. The osmosis mach. produces 
practically no further effect on these properties. Treatment with silicate of soda, by 
the deposition of gelatinous silicic acid on the clay, causes it to be workable with a higher 
propn. of water, and the dried clay shows a higher porosity. H. F. S. 
Coal as an industrial fuel. D. J. Demoresr. Chem. Met. Eng., 32, 274-6 
(1925).—The factors detg. the choice of coal for various heating operns. are discussed 
For steam raising, with a given price for coal, the coal to buy is the one with the greatest 
number of B. t. u. per lb., the highest ash fusion point, and which gives the least amount 
of trouble from coking or smoking. The best producer coal is a high volatile, low sulphur, 
low ash, high ash fusion temp., high B. t. u., coal which does not coke badly. It should 
be sized. ‘The requirements for coking coals are good coking preperties, low ash and 
low sulphur. Discussing powdered coal, the author cites two plants whose costs of 
powdering are respectively $0.60 and $0.70 per ton, on a production of 500 and 1000 
tons. The greatest difficulty in the use of powdered coal is the ash problem. Its use 
in power plants is of doubtful efficiency, but for cement kiln heating it is ideal. 
M. E. M. 
Cost of atomizing fuel. CHapLin TyLtER. Chem. Met. Eng., 32, 323(1925).— 
Figures are given showing equipment cost, fixed charges and maintenance, cost of steam, 


and cost of air, for fuel oil installations of various sizes. M. E. M. 
Definition of the expression “‘Ceramics.’”” Report of the international chemical 
union. Chimie et Ind., 1924, special number, 411-4. W. S. 


Natural gas in Canada and its uses. R.7T. Evwortuy. Can. Inst. of Min. and 
Met., Bull. 155, 1925.—Natural gas is found in commercial quantities in 3 provinces 
in Canada, New Brunswick, Ontario, and Alberta. E. discusses the uses of natural 
gas; the compn. of Can. natural gas; natural-gas gasoline; carbon black; helium; and 
the indus. chem. produced from natural gas. Natural gas, for which there is no domestic 
demand at present, has possibilities of becoming the basis of important industrial 
developments, if constant attention be given to the research problems involved. 

Steam generation under critical conditions. (Benson process.) D. BROWNLIE. 
J. Soc. Chem. Ind., 44, 213-9(1925).—Progress in the technique of steam generation 
has been greater in the past ten years than in all the previous period. The conversion 
of water on a practical scale into dry satd. steam under the critical conditions of 3200 
Ib. per sq. in. press. at 706°F (375°C) enables 30-35% thermal efficiency to be obtained 
from the raw coal to the switchboard. The Mark BENSON process generates steam 
at high press. in a narrow bore coil in such a manner that the troubles caused by ebulli- 
tion are entirely avoided. The plant, as erected at Rugby, Eng., consists essentially 
of a very long coil of steel tubing '/,” thick and */,” bore, arranged vertically between 
an inner and outer casing of refrac. mat. The coils are 8 ft. high and form the actual 
generator. On the top of them are subsidiary coils for super-htg. and the whole ar- 
rangement, approx. 17 ft. high and 7 ft. in diam., is htd. from the top by an oil blast 
while distilled water is passed in continuously at the bottom at 3200 lbs. press. The 
water traveling upwards reaches 706°F within 10% of the discharge end, and in the 
remaining 10% of the coil is slightly superhtd. at about 720°F, the press. all the time 
being 3200 Ibs. Epbullition is thus eliminated. H. H. &. 

Cobalt: its production and uses. T.H. Gant. Jour. Soc. Chem. Ind., 44, 157- 
61(1925).—Cobalt occurs in the following forms, of which smalite, cobaitite, and 
asbolite are the most important: coballite or cobalt glance, CoS,, CoAs:; smaltite, 
CoAs:; linnalite or cobalt pyrites, CoS, CoS;; crythrite or cobalt bloom, Co;As.Os, 
8H.0; willyamite, CoS,, NiS:, CoSbe, NiSbe; skutterudite, CoAs;; asbolite, an impure 
mixt. of Mn and other metallic oxides contg. up to 30% CaO; spacerocobaltite, CaCos, 
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and its hydrate remingtonite; safflorite, CoAs,; glancodot (CoFe), AsS. The chief 
sources of supply are Cloncurry, Queensland, and Nipissing, Ont. Speiss from Nipis- 
sing residues contains 17.55% Co, 18.82% Ni, 12.04% Fe, 8.15% Cu, 0.91% Ag, 6.69% 
S, 35.14% As, Speiss from Australian ores contains 43.14% Co, 1.0 Ni, 10.0 Fe, 30.08% 
As, 15.04% S. As prepd. for commerce, cobalt “black oxide”’ contains 70% Co, “‘special 
oxide’ 72% Co, and “prepared oxide’’ 75% Co. Nickel hydrate is recovered as a 
by-product, roasted, and graded as: “OG” contg. 68-70% Ni; “G” 73% Ni; DR 
73-76% Ni. The “black oxide’ of Ni contains 76-77% Ni. Ferro-cobalt is marketed 
in cubes contg. 10-15% Fe and 80-90% Co for use in the iron and steel industry. Thé- 
nard’s Blue is CaO. Al,O;; Rinnan’s green, CaO.ZnO mixed with ZnO. Margarine blue 
is obtained by calcining 68 parts CaO, 16 Cornish stone, 12 flint, 4 whiting. BaCO; 
may be substituted for CaCO;, and ground pitchers introduced as well. Colors are 
more resistant to the action of the glaze if built up on the spinal type RO. R,Os;; e. g., 
(4CaO .6ZnO)AlL,O;3. The defect of “ironing” may be remedied by adding Al,O; or TiOs. 
“Flows blue’ is obtained by putting white lead and salt in the saggers with the cobalt 
glazes. In pottery bodies, CaO acts as a whitener in the proportion of 1: 2240 parts of 
dry body. It is best first ground with 10% china clay. H. H. S&S. 

Formation of Italian Ceramic Society. Jour. Soc. Chem. Ind., 44, 35(1925).—At 
the first congress of Italian ceramists, held in Turin, it was decided to establish a na- 
tional ceramic society with headquarters at Pesaro. H. H. S. 

Artificial ruby and sapphire. F. WinTELER. Tech. ind. schweis. chem.-Zig., 
No. 17/18, 180-3(1924).—Artificial ruby, made by melting Al,O; to which mineral 
coloring m.tter has been added, consists of a mass of microscopic crystals having dif- 
ferent optical properties from the mineral. It is employed principally in the watch- 
making industry. Natural rubies and sapphires from different localities vary in hard- 
ness and in sp. gr., the latter ranging from 4.0 to 4.3, the sp. gr. of the artificial ruby being 
3.95. Analysis shows the minerals to contain besides Al,O;, Mg, Zr, Ti, Be and Si. 
The Mg content of oriental ruby may reach 15%, and is presumably present as Mg 
aluminate. The other elements are believed to be present as salts. In the synthetic 
ruby Cr gives red, Co and V blue, Ti yellow, Ti + V green, Au brilliant red. 

Heat losses from steam-line pipes. R.H.Hemman. Blast Fur. Steel Plant, 10, 
261-5(1922).—-Data are given on bare pipes operating at temps. up to 427 together 
with curves and formulas, enabling ready solution of problems encountered in the calcn. 
of heat losses from bare and covered pipes. The general formula giving good results 
is Ta = 272.5 h/[h + (564/D°-*)]. Ta = temp. difference between canvas surface and 
room (°F); 4 = total B. t. u. loss per hr. per sq. ft. of canvas; and D = outer surface 
diam. (inches). An example is given. (C. A.) 

Calculating the useful height of cupolas. M. M. Karnaouknov. Messager 
tech.-écon. russe, 1923, 340-3; Rev. métal., 21 (Extraits), 453-4(1924).—The “useful 
height”’ is the height from the axis of the tuyéres to the bottom of the charging hopper, 
and is given with a sufficient degree of approximation by the formula: H = [0.270D — 
V 0.0729D? — (49D?/R)}|/0.0245, in which H = useful height in m., D the diam. of 
the cupola in m., R the wt. of the charge in kg. The formula is deduced from Hueser’s 
heat balance (C. A., 7, 1692) and holds for similar conditions. A more general formula 
is: H = Ki —-OC)D+V(1 — K, — C)?D* — (4K3K,D*/R))/2Ks, in which K, = 
chem. heat of the gases discharged/calorific value of coke, K, = B,HR/AD = (phys. 
heat of gases discharged X height X R]/(calorific value of coke X diameter), Ks; = 
(loss by radiation X diameter) /(calorific value X useful height). K. is trying to det. 
the values of K,, Kz and Ks for other cases found in practice. (C. A.) 

Some moisture relations of colloids. II. Further observations on the evaporation 
of water from clay and wool. E.A.FisHer. Proc. Roy. Soc. (London), 103A, 664-75 
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(1923) ; cf. C. A., 17, 2466, 2528.—The study of the evapn. of H:O from colloidal materials 
has been extended to kaolin and a ball clay. When the rate of evapn. is plotted against 
moisture content, the curve for ball clay does not show the curvature previously noted 
in a clay subsoil and attributed to shrinkage, although the ball clay also shrinks. This 
type of curvature is found only with materials which are mixts. of colloidal and non- 
colloidal substances, and is due to the simultaneous evapn. of imbibitional H,O held 
by the colloid and of interstitial HO held as H,O wedges between the soil grains. The 
former H,O evaps. at a practically const. rate, while the latter evaps. at a rapidly dimin- 
ishing rate. The bearing of these results on the evapn. of H,O from wool fabrics is 
discussed. (C. A.) 
An attempt to cheapen the production of zirconium dioxide. J. W. BaIn AnD 
G. E. Gotitop. Can. Chem. Met., 7, 35-8(1923).—Brazilian zirkite runs 70 to 80% 
ZrO2; only 55 to 65% of the Zr is actually present as ZrO,; the remainder is silicate. 
In the Florida zirconia sands there is more Zr silicate and hence these sands are harder 
to treat. By passing dry Cl, or COCI, over heated Zr-bearing ore mixed with C, ZrCl, 
can be volatilized and pure ZrO, can be prepd. therefrom. The reaction is slow; the 
yields for Cl, are far from theoretical; and the process is difficult to carry out commer- 
cially. Fusions with (2) NaOH, (0) NagCOs, (c) niter cake and (d) KHF; are described 
in C. A. 15, 3952. Of the soln. methods the best employs 66° Bé. H:SO.. By using 2 
pts. H,SO, to 1 pt. ore and heating to approx. 275° for 1 hr., 1-7% of the ZrO, in some 
Brazilian ore is brought to soln. Higher temps. and longer time did not increase the 
yield. The usual methods of producing a pure ZrO, from the H,SQ, soln. are too expen- 
sive for com. work. After extg. the residue with hot H,O, the ZrO, can be pptd. by boil- 
ing as basic sulphate (Pugh’s pat. U.S. 1,316,107). To reduce the free H2SO, to approx. 
half that of the ZrO, present, addn. of (1) CaCOs, (2) CaCl, and (3) CaCO; + CaCl, were 
tried. B.’s and G.’s expts. show that Zr is retained by the pptd. CaSO, and that great 
diln. is necessary to bring down the ZrO, in appreciable amt. by boiling. By suitably 
adjusting the concns. and dilg. the filtrate about 40 times before boiling, about 75% 
of the ZrO; in soln. can be pptd. The ppt. merely requires washing and ignition. One 


sample so obtained gave on analysis 98.6% ZrOs. (C. A.) 
Edward Goodrich Acheson. F. A. J. Fitzceraup. Ind. Eng. Chem., 16, 971 
(1924).—Biography, with a portrait. E. H. (C. A.) 
PATENTS 


Porous concrete aggregate. BERNARD J. Fauuon. U. S. 1,528,759, Mar. 10, 
1925. ‘The process of forming a clay product which consists in first firing a mass of 
clay in a kiln under oxidizing conditions, then in passing steam through the bed of 
burning fuel into the presence of the clay and continuing the firing of the clay in the 
atmosphere so produced. 

Process of forming ceramic products. ALBERT V. BLEININGER. U. S. 1,528,908, 
Mar. 10, 1925. The process of forming ceramic products which consists in prepg. a 
ceram. mass contg. deflocculated clay mat., adding thereto a coagulating reagent to 
effect delayed chem. reaction, and placing the mixt. in a mold. 
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EDITORIALS 
CERAMIC RESEARCH INSTITUTES 


Two research institutes have been launched. The Clay Products 
Institute and the American Refractories Institute have organized and 
started coéperative research work. They represent collective efforts of 
plant owners to secure from research and education what individuals 
working alone can obtain only at large money and time expenditure. 
Coéperation and coérdination are requisite to completeness, thoroughness 
and speed in developing information essential to keeping apace with the 
ever-pressing economic and quality demands. This has been the motive 
of those who have labored through the AMERICAN CERAMIC SOCIETY. 
This Socrety would be unfaithful if it did not give every encouragement 
to whatever organization scheme the ceramic manufacturers may wish 
to set up to obtain the most efficient coéperation. This Society lauds the 
principles and the purposes which actuated the men who are responsible 
for the formation of these two Research Institutes. 

For several years this SoctgTy has urged coéperation by the financial 
interests in ceramics. These Institutes are justly viewed as resultants 
of the constant efforts which have been made to interest plant owners in 
research and education. This Society enjoys considerable satisfaction 
in the steadily growing support of coéperative research by the trade press 
and by the trade associations. 
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The remaining tasks for the AMERICAN CERAMIC SocIETY are (1) to urge 
all groups of ceramic manufacturers to organize similar institutes or to show 
how they may join those already under way; (2) to assist in finding a 
flexible and economical means of coérdinating the ‘“‘over head”’ or general 
research activities in which all groups of ceramic manufacturers are mu- 
tually interested; (3) to continue an organization in which all ceramic tech- 
nologists and scientists may have a clearing for and a means of recording 
results of research. 

The AMERICAN CERAMIC SOCIETY belongs to ceramic people as generally 
as a republic does to its citizens. It is for and by all ceramic groups. Its 
scheme of decentralization of control and activities through the seven 
Industrial Divisions is not greatly unlike the decentralization in govern- 
ment by states. The steady growth in strength and in effectiveness of 
this seven societies in one and the continued harmony of the seven simul- 
taneous meetings bespeaks unity in ideals and purposes of ceramic tech- 
nologists generally, irrespective of the wares they produce. The Society 
truly is by, and for, all ceramists with special benefits to none not enjoyed 
by all. 

This Society has operated for twenty-seven years in the manner dic- 
tated by its members. It has served important purposes which purposes 
have gradually increased in importance. So successfully has the Society 
promoted activities for the advancement of ceramic science, technology 
and art that not only has the Society grown in membership but ceramic 
schools have multiplied, the ceramic trade journals have increased in num- 
bers and plant owners generally have come to a realization of the financial 
benefits of ceramic research and education. The character of subject 
matter in the trade press has changed from trade altogether until now a 
fairly large amount of space is devoted to presentation of strictly technical 
and scientific information and data. 

The AMERICAN CERAMIC Society has done nothing and merits nothing 
not creditable to its individual members. The credit for the scientific 
and technical advancements in ceramics and the increased appreciation 
generally of the benefits of research and education belong to the individuals 
and to the manufacturing concerns. The SocrEty itself is inanimate, it 
merely reflects the desire there has been for coérdination of individual 
efforts to gain the largest possible ceramic knowledge at the least cost in 
time, effort and money. It has changed its procedures and activities from 
time to time to meet the changes in conditions and requirements resulting 
from the continually increasing employment of ceramic science. There 
is nothing more certain than that this Society will adjust itself to meet 
the new situation caused by the organization of research institutes by the 
plant owners because all that the SocrETy now is and all that in the fu- 
ture it will be is in response to the needs of its individual members. 
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If in the extreme, this Society should be found impotent it will auto- 
matically cease to exist and that too with no regrets resident in the minds 
and hearts of anyone, not even of those who have labored most faithfully 
and continuously for the Socrety. It has been ideals and purposes for 
which supporters of the SocrETy have worked rather than for a certain form 
of organization. If the several research institutes can find a means for 
joint collaboration in researches and a means of collecting and making 
information available they will then be serving the purposes for which this 
SocIETY was organized and has been continued. 

It is to this end that we have urged participation in and control of the 
affairs of the Society by plant owners. It has always been very evident 
that the several activities in which the Society through its committees 
has engaged would have been much more effectively executed had the 
plant owners been more intimately interested and in control. The fact 
that the SocrETy has grown in membership, strength and in effectiveness 
shows that its purposes, methods and organization are not far wrong. 

There is no expectation of this Society becoming impotent. It will 
not serve its most useful purpose until the plant owners through their 
respective trade associations or research institutes find ways and means 
of coérdinating through the Society. This, of course, will be possible 
only when a means is worked out for direct control of the affairs of the So- 
CIETY by the industrial research groups or institutes. 

The smooth and effective working together for years of the self-governed 
Industrial Divisions of the SocrEtTy shows the possibilities and points 
to the benefits which would accrue to all if these Divisions should be re- 
placed by industrial research institutes. 

It is to this end that the Secretary has made a recommendation of a 
scheme of collaboration. The presentation of the scheme proposed is 
only another suggestion to be considered with those which have been and 
will continue to be made, all for the purpose of finding the best ways and 
means of collaboration of ceramists generally and collectively. 


A SUGGESTED SCHEME OF COLLABORATION BY CERAMIC 
INSTITUTES AND TRADE ASSOCIATIONS 


The scheme here suggested is a national ceramic research council par- 
ticipated in and controlled by all ceramic industrial groups. It is not 
an arbitrary self-governed organization. It would operate in the manner 
and to the extent determined by ceramic plant owners, It is proposed 
that this council shall not conduct investigations but shall serve simply 
as a Clearing-house for information and in an advisory capacity to the 
ceramic manufacturers’ organizations and to the laboratories. It would 
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not be in charge of research nor have the right to contract for research. 
Its purpose would be to collect information and to advise on research 
problems and facilities. 

Scientists observe, theorize and make record of the knowledge they 
originate. The latent values of scientific facts are translated into indus- 
trial aids only when plant technologists with a vision have the oppor- 
tunity to assemble and apply them. Neither the laboratory worker nor 
the plant technologist alone can work out these things; they must col- 
laborate closely. No research council can be effective that does not as- 
sure close collaboration of the plant technologist and the laboratory sci- 
entist. And the most searching and effective collaboration is had when all 
ceramists irrespective of the kind of ceramic ware produced and all the re- 
search laboratories have a common means for pooling their information. 

The research institutions (bureaus and universities) are primarily labora- 
tories and their investigations are limited to those which can be prose- 
cuted in the laboratories. They can extend their observations to plant 
operations only in cursory fashion. Their research personnel cannot 
wholly acquire the knowledge, point of view and vision of the technical 
man whose daily work is factory routine and whose responsibilities pri- 
marily are product and production. Neither the laboratory nor the plant 
technologist has that complete information, vision, thought habit and in- 
terest which is necessary to the best selection, analysis and prosecution 
of an investigation of a plant problem. The laboratory scientist and the 
plant technologist so supplement one another that when joined in prose- 
cution of a research they complete the requisite human ability to conduct 
researches most effectively. It is time industrial technologists be pro- 
vided with a financed means of collaboration with men in the research lab- 
oratories and with their fellows in other lines of ceramic manufacturing. 
This provision is made in the scheme here presented. The Research Ad- 
visory Board would be composed of technical men from the plants, meeting 
frequently and doing assigned work at home. 

A great deal of information most valuable to a given ceramic industry 
was originated by manufacturers of apparently wholly different types of 
ceramic ware. There is much which is basic in the fabrication of all 
ceramic wares, differing only in methods and means of applications. This 
is as truly the fact in the production of two quite widely different ceramic 
wares as it is true in the production of different varieties of the same class 
or type of ware. The manufacturer would gain effectiveness, breadth of 
vision and actual knowledge of facts in proportion to the varieties of ex- 
perience and concepts of their research council. This council should be 
comprised of technologists from a wide variety of ceramic enterprises and 
should be in close relations with all of the research laboratories. 

The organization chart here presented provides an effective means of 
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collaboration by plant executives, plant technologists and laboratory in- 
vestigators. It provides for as little or as much collaboration of trade 
associations and research institutes as the research problem in hand 
would warrant. It provides for direct relation by each trade group sepa- 
rately or jointly with the research laboratories. The Research Advisory 
Board would not be a “go between” nor would it conduct laboratory in- 
vestigations. Its work would consist of assembling facts and advising on 
research problems. 

In this scheme, there is the maximum of flexibility, simplicity, economy 
and effectiveness. There is avoidance of duplication. It provides for 
complete supplementing of experiences, training and viewpoints of the 
business man, plant technologist and laboratory scientist of all ceramic 
trade groups. It gives the business owner that same exhaustive study and 
council on research problems and research facilities as they have in legal 
matters through their legal councillors. It furnishes the means of de- 
termining the abilities of universities to conduct researches. It provides 
council to both the manufacturer and the laboratory scientist in the con- 
ducting of ceramic investigations. The universities and bureaus are in 
need of this sort of industrial contact as are the manufacturers. 


PAPERS AND DISCUSSIONS 


A HOME MADE JOLLEY 


By Wayne E. BARRETT 


Recently it was necessary to have a jolley for making some jiggered pieces 
from the clay used in the manufacture of a regular line of products. Since 
the task did not warrant the purchase of a machine, one was built. 

The head was made by shrinking a 
six-inch iron band on a trued drier-car 
wheel from which the flange had been 
removed. ‘This was then keyed to a 
shaft and trued up in a lathe. 

A drive-wheel from an Elwell-Parker 
electric truck was used to support the 
shaft. The Timken taper bearing 
carried the weight of the head, shaft 
and drive pulley. This gave a smooth 
running wheel, entirely free from vibra- 
tion. The lower end of the shaft was 
held in position by a babbitted foot 
bearing. 

Two small T-irons carried the elec- 
tric truck wheel while two pieces of 
drier-car slats were used to give a 
lateral bracing. This was all carried 
on a base consisting of two 4-inch 
channel irons 5 feet long and three 
4-inch channels 18 inches long all 
fastened together by pieces of angle 
iron. 

To support the pull-down, two worn- 
out brakes from a locomotive were 
bolted to the truck wheel. Each of 
these had a 5/s by 1'/2-inch hole for 
the brake arm and this hole was taken 
advantage of by loosely fitting two 


uprights of °/s by 1'/2-inch strap iron by a set screw. This made possible 
a variable height for the tool or profile which shapes the pieces. 

The top ends of these pieces of bar iron were slightly twisted to make 
them parallel and a small piece of cast iron carrying a small ball bearing 
was attached to each of them. These ball bearings carried a shaft to 
which was keyed the pull-down arm, made of */, x 3-inch bar iron. The 
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pull-down arm had been previously slotted by a portable lathe key-seating 
machine to allow for adjustments of the profile. 

The wheel was driven by a quarter-twist belt over a motor pulley, and 
the motor controlled by means of a foot switch. 


ApgL CLAY Propucts Co. 
ADEL, Iowa 


A TEST FOR DETERMINING THE WELDING PROPERTIES 
OF GLASSES' 


By RoBertT J. MONTGOMERY 


The method of determining the welding properties of glass as described 
by Mr. Sharp has been used for some time in our plant with considerable 
success but we have found that under certain conditions, the results ob- 
tained are of very little value unless certain factors are taken into account. 

This test is to work the two glasses to be welded into rod form. The 
ends of these two rods are held together and heated to softness so that the 
ends are welded together. The junction is pulled out into a thread 10- 
15 inches long with a pair of forceps. The heavy end at the forceps is 
broken off and the curvature of the thread will indicate which glass has 
the greater expansion. The glass with the greater expansion will be on 
the inside of the curve. 

We found in welding a soda-lime glass to a lead glass that if there was 
no curvature, indicating no strain, glasses would usually not weld satis- 
factorily. To give a satisfactory weld, a deflection of the thread of about 
2 inches in 10 inches was necessary. This deflection was on the soda-lime 
side of the thread indicating that the soda-lime glass contracted more than 
the lead glass. 

When a soda-lime glass was welded to a barium glass, the reverse was 
true. To give a satisfactory weld, a deflection of the thread of about 1.5 
inches in 10 inches was necessary but this deflection was on the barium 
side of the thread, indicating that the barium glass contracted more than 
the soda-lime glass. 

A consideration of the subject brought out that there were two different 
kinds of strain introduced into a drawn thread of this kind. First, of 
course, is the strain due to any difference in contraction due to the compo- 
sition of the glass and second is the strain introduced by sudden chilling 
of the thread in air. ‘The test piece is not annealed. 

Annealing the test threads gave us the desired information. The lead- 
soda-lime combination straightened out and gave no curvature and the 
barium-soda-lime thread did the same. Apparently when the annealing 


1 A discussion of the paper by Donald E. Sharp, Jour. Amer. Ceram. Soc., 4 [3], 
219 (1921). 
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temperature of both glasses is the same or the composition of the two 
glasses is about the same, the strain introduced by no annealing is about 
the same in both. The strains then, being equal and opposite, caused no 
deflection. If the glasses are dissimilar in annealing temperature and 
composition, the thread will curve toward the one having the higher an- 
nealing temperature. 

In annealing the threads, trouble was encountered unless they were held 
vertical so the thread would be affected only by the difference in expansion 
and not be bent at the annealing temperature by gravity. We have set 
the threads in plastic clay like an inverted Seger cone, and suspended this 
on a small iron stand which could be put into the leer. In some cases there 
is a tendency for the ends of the threads to curl up in the direction of the 
harder glass. In a lead-soda-lime fusion, the soda-lime glass would 
be on the inside of the curl. Evidently the annealing temperature was too 
high and the glass became quite soft. 


BauscH AND Loms Optical CoMPANY 
ROCHESTER, N. Y. 


MEDIEVAL EUROPEAN 
By Ropert F. SHERwoop* 


ABSTRACT 

This paper deals with pottery and porcelain from the time of the Fall of Rome 
through the sixteenth century. Italian pottery before the Renaissance and Majolica 
ware are discussed under Italian pottery. French pottery is classed under the two 
heads of Faience and Palissy ware. The influence of the Moors and Arabs upon Spanish 
pottery and also the origin of Majolica ware is taken up under Spanish pottery. The 
pottery of England before the Norman period and after the Norman Conquest is dis- 
cussed. The pottery of Central Europe is dealt with under the head of German pot- 
tery. Porcelain is discussed from 200 B.C. on through its introduction into Europe 
and up to the earliest imitations of porcelain in the sixteenth century. 


The word “pottery” in its widest sense includes all objects fashioned 
from clay and then hardened by fire, though there is a growing tendency to 
restrict the word to the commoner articles of this great class and to apply 
the word “porcelain’”’ to all finer articles. Chas. F. Binns makes the dis- 
distinction between the ‘‘commoner articles of this great class’ and porce- 
lain; porcelain has a low biscuit fire and a high glaze fire, while the com- 
moner articles have a high biscuit fire and a low glaze fire. For this 
reason porcelain will be discussed under a separate portion of this paper. 

Time or space does not permit a discussion here of Greek and Roman 
pottery. Suffice it to say that the pottery of the Greeks reached a quality 


1 Presented at the Annual Meeting, AMERICAN CERAMIC SoctETy, Columbus, Ohio., 
Feb., 1925. (Art Division.) 
2 Ceramic Engineer, Pass & Seymour, Inc. 
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that has never since been equaled. And to the Roman potters the world 
is indebted for much of its advancement in clay-work. 


Italian Pottery 


After the fall of the Roman Empire but little trace remained of the arts 
practiced in the times of her prosperity. Such knowledge as that pos- 
sessed by the potter cannot absolutely pass away, but so much of this 
knowledge is special and detailed that it is not a matter of wonder that both 
the Greek and Roman art disappeared. 

Little is known of the potter’s art in Italy after the fall of Rome till 
the 13th century. The traditions of the Roman potters appear to have 
been gradually lost, leaving behind only sufficient skill to make crude 
crocks for domestic use and to coat them, if required, with a crude yellowish 
lead glaze sometimes stained to a vivid green with copper oxide. Ap- 
plied ornament of roughly modeled clay and scratched with designs were 
the chief decoration of such wares which were of the same class as the 
medieval pottery of England and the north of Europe. In the 12th and 
13th centuries, however, contact with Asia Minor, Syria, Egypt and Spain, 
where ceramic skill had been highly developed in fresh directions, intro- 
duced into Italy as well as the rest of Europe, those superior wares char- 
acterized by a white surface decorated with bright colors under a brilliant 
transparent glaze, and beautified by metallic lusters. The Italian potters 
did not remain long unaffected by these influences. 

But first let us glance at the native wares of Italy. These wares were 
made of coarse and often dark-red clay, coated with a white clay slip (a 
kind of pipe-clay) and covered with a crude lead glaze, either yellow or 
green. Later, while the vessel with its white clay coating was firm, yet 
soft enough, patterns were scratched or engraved through the white slip 
to the red body beneath. In the latter half of the 15th century a sudden 
advance took place in the coloring of this ware. Instead of simple glazes 
of uniform color, underglaze colors, green, purple, blue, brown and black, 
were applied in bold splashes under the straw colored glaze. This pro- 
duced a rich and decorative effect by very simple means. 


Majolica Ware 


The name majolica ware indicates that the origin of the ware by this 
name was the island of Majorca, located in the Mediterranean off the east 
coast of Spain. More recently the view taken is that the knowledge of 
the manufacture was brought into Spain by the Moors who also settled 
in the Balearic Isles, and there practiced the potter’s art. It has now been 
shown that a number of these pieces found in Italy are of Spanish origin. 

The piece is covered with an enamel, the design then sketched and the 
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luster added. This consisted of a paste of clay containing the required 
oxide. The pieces were then given a low fire, a dull red heat. At this 
heat fuel producing smoke was added. When the pieces were cooled they 
were scrubbed, and underneath was the luster. This was due to the thin- 
ness of the film between the enamel and the paste containing the oxide. 
All the artists attempted this process, and thus the industry grew. The 
risks of the luster process were great, so that its use was relegated only to 
inferior wares, and then the process was relinquished and forgotten until 
its rediscovery in the latter 19th century. When one of the later majolica 
painters had spent weeks on the decoration of some vase or dish, it is not 
likely that he would care to expose it to any risks that could be avoided. 
Only the most experienced along the line of luster making were successful 
to any degree. 

The Gubbio luster, as it is called, is best known to us through the works 
of Maestro Giorgio, whose distinctive luster is a magnificent ruby-red, 
unlike any other. In all probability the luster process was quickly aban- 
doned on the fine painted majolica, because the increasing efforts to make 
a picture were discounted by so uncertain a process. 


French Pottery 


The pottery of medieval France was, for the most part, similar to that 
made generally in Europe. They were rudely shaped vessels of ordinary 
clay often ornamented and glazed with a yellow or brown lead glaze, 
or if coated with white slip, decorated with bright green glazes, and toward 
the end of the 15th century with grayish blue. The later specimens of 
this ware were extremely decorative. 


Faience 


French faience should be distinguished from dishes on the one hand 
and porcelain on the other. It is a low-fired, fancy pottery. When the 
French potters wanted to get some outside potters, they went to Faenza 
in Italy for men. Hence the ware that these men and their successors 
made was called “faience.’’ The body of this ware is a creamy white, and 
the decoration is effected by inlaying fine lines and panels of darker colored 
clays, the whole being covered with a clear, soft glaze. The pieces show 
three periods of production: the crude period, the fine period in which the 
potter was successful, and the last stage when the pieces are overloaded 
with ornamentation. 

During the 15th century came the distinctly French pottery—the Henri 
Duex ware, and the pottery of Bernard Palissy and his imitators. The 
Henri Duex or Oiron ware was believed to have been made by a librarian 
and his assistant for their patroness. Some years ago this theory was 
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disputed and the originator of the ware was said to be a potter of St. 
Porchaire. But all we know is that the ware dates back from the reign of 
Henry II, and that it was probably made somewhere near Oiron. The 
ware also shows marks that indicate that the maker knew something of 
bookbinding. The date of the production is believed to have been about 
1524. This ware belongs to the faience class. 


Palissy 


“Bernard Palissy was a genius of original talent, and has gained a legen- 
dary rank as one of the great potters of the world, which his pottery does 
not warrant.’’ He seems to have been trained as a glass painter. He was 
shown a cup which he took to be covered with white enamel—probably 
Chinese porcelain. He is supposed to have spent sixteen years in search 
for the white enamel. But when he settled down to make ‘‘Palissy Ware”’ 
he did nothing more than to carry out the perfection of the methods of the 
village pot makers of his own district. On a hard-fired red clay he made 
groups of molded plants, shells, fishes and reptiles. These he painted with 
crude green, brown and yellow colors, and glazed the whole with a well pre- 
pared lead glaze. This lead glaze was transparent, perhaps slightly yellow. 
An example of one of his pieces represents the bottom of a brook as he 
saw it. His colored glazes were beautifully rich and pure, and his style 
soon had numerous imitators. 

All his productions are not of this class, however. He made some fine 
pieces with figures modeled in relief, and also some beautiful perforated 
dishes. His religious opinions led to his imprisonment, from which he 
was released after a time. But he was later taken to the Bastile where he 
died in 1590. 

The succession of tin-glazed ware was resumed in France when the 
Duke of Nevers invited to that place a number of skilled artisans from Italy. 
The only thing in common between the wares of Faenza and Nevers was 
the use of tin in the glaze. The peculiar tint of blue and the exquisite 
purity of the white constitute the excellence of the faience of Nevers. 
This blue and white were the leading characteristics of this particular 
center. 


Spanish Pottery 


When the Arabs and Moors invaded Spain in the 8th and 12th centuries, 
they left their mark on the pottery of that country. There, as elsewhere, 
pottery was then being produced from the natural substances at hand. 
The material was simply what was found in the earth, and the preparation 
of the material for its use in pottery was crude. But in spite of all this, 
the pottery produced during that time has a subtle beauty, and it is im- 
possible to duplicate it. For example, we know the chemical ingredients 
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of Cornwall stone, a mineral found in England and used extensively there. 
But we cannot put these ingredients together and make Cornwall stone. 
In the same way this pottery cannot be duplicated. 


Majolica Ware—lIts Origin 


The nature of the work was in accordance with the location. When 
the Moors came into Spain they found an abundance of tin and lead. 
Here they began to use the natural substances for their pottery as before. 
So they began to experiment with the materials at hand. And the result 
was a white enamel. And with this their technique also changed. At 
first this pottery was called stanniferous faience, but it finally was called 
majolica faience, the name coming from the island of Majorca, near Spain, 
where some of this ware was produced. 

The knowledge of this majolica faience spread along the southern coast 
of Europe, and finally to Italy. The time that this knowledge reached 
Italy was during the 16th century, the period of the Artistic Renaissance. 
During this period the pieces show elaborate styles of decoration, and also 
an occasional two firings. Up to this time the majority of the ware made 
by the Moors was only one fire. 

Of the Hispano-Arabic pottery there seems to be no accurate knowledge, | 
but of the Hispano-Moresque numerous examples remain. The tin enamel 
is of great beauty, and an important feature is made of colored lusters. A 
notable specimen of this ware is the famous Alhambra vase. The colors 
of the decoration are a pure blue enamel with a gold luster on a white 
ground. This vase was accurately copied by Theodore Deck of Paris, 
and the copy may be found in the Museum at South Kensington. Ex- 
portation of ware of this type doubtless laid the foundation of the industry 
in Italy, and led to the “Italian Majolica,’’ which everywhere became 
famous. 


Pottery of England 


Throughout the Middle Ages the pottery made in England was, broadly 
speaking, only such as would be used by the lower classes. A few pieces 
of somewhat exceptional merit have been met with, but they are probably 
the occasional show pieces made by the humble peasant potter as a pro- 
pitiatory token for his feudal lord or monastic overlord. Apart from a 
small number of exceptional pieces such as these, the pottery of England 
remained down to the 17th century practically indistinguishable from the 
common wares made all over the continent. 

The pieces were made of ordinary clays, firing to various shades of buff, 
drab, brown and red; the material was coarsely prepared and capable, 
therefore, of receiving but little finish. The shapes were of the simplest, 
and such as were common in many countries during the early stages of the 
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potter’s art. The glaze, when it occurs at all, is the simple lead glaze ob- 
tained by dusting powdered lead ore over the clay vessel before firing. On 
many pieces the glaze was colored by the accidental or intentional addition 
of the simpler metallic oxides, oxides of manganese, iron and copper. It 
was from these modest beginnings that the English potters of the 17th 
century gradually advanced. 


Pottery of the Norman Period 


Of the pottery of the Norman period but little has been said, and that 
because little has been known. Pottery was, indeed, ill suited to the roving 
propensities and wandering life of the Normans; besides they could hardly 
have brought into England an art almost forgotten in their own country. 
Our scanty knowledge of this period is confined to coarse pots and frag- 
ments found in excavations. 

From these we learn that the pottery of this period consisted largely of 
pitchers, dishes, bowls and porringers; the bowls and dishes being used for 
drinking purposes as well as for placing cooked meats in; the pitchers for 
holding and carrying ale, meal and water to the table; and the porringers 
both for eating and cooking. The body of this Norman pottery was usually 
a coarse clay, and the vessels bear evidence in many instances of the wheel 
being used. The wheel was simply a revolving piece of wood, or other ma- 
terial, upon which the piece could be placed and built up by hand or tools. 
In color these vessels are sometimes of a reddish brown, others red, while 
others are nearly black; and many of the pitchers are either wholly or 
partially covered with a green or other glaze. Many pieces are quite de- 
void of ornament, and some are rather highly decorated. 

Later these fictile productions began to assume a more ambitious range. 
The floors of churches and convents were paved with tile, inlaid with clays 
of various colors, and whereupon Gothic ornaments and even subjects of 
figures were depicted. These tiles represent a great variety of processes, 
being coated with glazes of different colors, embossed and pressed, and in- 
laid or painted with white clay. 


German Pottery 


The pottery of Central Europe in the 16th century may be classed as 
salt glazed stoneware. Before this time the people were engaged too 
much in warfare to have much of anything to do with the potter’s art. 
Some accounts give the discovery of salt glazing as late as the 17th century. 
Stoneware glazed by salt no doubt derives its name from the close re- 
lation borne by the ware to stone itself. Hard and impervious, granular 
in texture, no better comparison could have been made. 

The potter’s wheel was used for the form itself, and the fanciful emboss- 
ment was applied by means of small pieces of soft clay which had been 
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pressed into molds of the required pattern. Hitherto every substance 
used for glazing had been applied to the ware either in the clay or biscuit 
state, by dipping the piece in a vessel of glaze, or by painting the mixture 
over the ware. In stoneware the glaze is vaporized in the oven and unites 
itself with the clay at the same time. The potters of Germany or Flanders 
probably discovered this. ‘The glaze used was simply common salt, which 
was thrown into the oven when at its greatest heat. Being volatilized, the 
salt entered into combination with the silica in the clay, forming a thin 
glassy coating all over the piece. 

The main centers of the production of German stoneware lay in the dis- 
trict now known as Rheinish Prussia. Early in the 16th century fine work 
was produced at Seigburg, near Bonn. The clay used was commonly of 
the creamy white variety. 


Porcelain 


Now let us turn to the story of porcelain. This story has its beginning 
in Celestial China. Two thousand years before the Christian Era, the 
Chinese were great potters, and in 200 B.C. they were making a high grade 
porcelain. The high antiquity and perfection of the art of making porce- 
lain by the Chinese, many years before any specimens of it found their way 
into Europe, are well authenticated by the older records of the Celestial 
Empire, which were brought to light by the early travelers. 

Among the ancient arts of the second oldest nation of the earth, on the 
hazy edge of the old world, they found the Chinese making porcelain and 
jealously guarding the secret said to have been discovered during the Han 
dynasty, the Golden Age of China, which began in 206 B.C. 

It is probable that Chinese porcelain first came under European eyes 
during the Crusades in Palestine and Syria. No doubt a limited number of 
specimens, mainly of celadon ware, found their way into Europe during the 
14th and 15th centuries from Syria and Egypt, whither they were brought 
by the swaying camel train from Asia. 

When Europeans, probably the Italians, first saw the Chinese ware, 
they called it porcelain from the resemblance of its polished surface to that 
of the Venus shell named Porcella, while the shell itself derived its appella- 
tion from the curved shape of its upper surface resembling the back of a 
“Porcella” or “Little Pig.” 

No considerable importation of Chinese porcelain took place until the 
Portuguese merchantmen succeeded in doubling the Cape in the 16th century 
and capturing the seaborne trade with the Far East. No sooner were the 
western potters familiar with the beautiful Oriental ware than they set 
out to imitate it; and at Venice in 1519, if not earlier, an artificial porcelain 
was produced. 

Another account gives the date of the earliest specimens of European 
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imitation of porcelain as 1575. A few pieces are said to have survived 
from the productions of a kiln established at Florence. This famous 
Florentine porcelain was, however, entirely different in its nature and com- 
position from that of the Chinese. It was made by mixing together an 
impure china clay, fine white sand and a large portion of glass. The 
pieces now seen in museums are rather thick and clumsy in substance; 
the glaze is not very brilliant; and the body is. only moderately translucent. 
The decorations are always in underglaze blue, sometimes bright, some- 
times rather gray, but always softened and a little run .by the glaze. The 
designs almost invariably take the form of floral arabesques. It seems 
probable that this porcelain was an experimental one, abandoned as soon 
as the whim of its patron changed, and it cannot be said to have any in- 
fluence on the subsequent course of European pottery. 

Prof. Binns states that the entry of true porcelain into Europe was not 
until the early 1&th century, when a chemist of Saxony discovered the 
secret. 

Far greater development was reached in the pottery and porcelain of the 
later 17th and 18th centuries, which are not dealt with in this paper. 


REFLECTIONS UPON ART AND MANUFACTURE! 


By ELLSwoRTH WoopWaARD 
ABSTRACT 

The writer is struck by the interesting fact that in all manufactured articles in which 
there is an appeal to taste, those articles sell best and bring the highest return in 
money which possess the imprint of art. A truly beautiful thing increases rather than 
diminishes in value. Objects of pure utility, making no appeal to taste, are priced ac- 
cording to the exigencies of competition. They possess no added value, recognized as 
inherent in art. It would seem that the recognition of this intangible quality, which 
differentiates a beautiful and at the same time useful thing from that which is purely 
useful, but possesses no beauty, might be a subject of very great interest for a manu- 
facturer. The great mass of the purchasing world is content to pay the higher price for 
the article which stimulates his imagination and affords him pleasure. 


The other day I chanced upon a piece of old English earthenware among 
the miscellaneous offerings in a Royal Street shop of an antiquarian. I 
bought it on an irresistible impulse in spite of the price, which my sober 
judgment would have rejected as preposterous had a pitcher for merely 
practical use been in question. There ought to be something of suggestive 
value in this happening for makers of earthenware, for I am by no means 
a joyous spender of money. 

The point is, this little pitcher is lovely. It affords me delight when I 
see it out of all proportion to the use it has as a container. I would not 
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part with it even ata premium. Surely there is a stimulating idea in this 
if only the writer could make it clear and be credited at the same time as 
a sober citizen seeking only to be useful to that great body of workers whose 
craft he so much admires. 

As a life long seeker and follower of the Ariadne thread of beauty through 
all the works of Man, it has been my privilege to linger as a student in prac- 
tically all the museum collections of the world. In all of these ceramics 
has an honored place, and so arranged that one sees how the unconscious 
play of the potter’s artistic faculties creating a thing of beauty while ob- 
serving the limitations set by use, changes to the conscious, ordered style 
of craftsmen stimulated by the approval and rewards of kings. One 
started on a tour of contemplative study, soon discovers that ceramic art 
has always been a responsive medium for the expression of beauty. Am- 
bitious rulers have realized its possibilities and established great labora- 
tories of artistic endeavor under royal patronage, not always with the hope 
of financial profit, but as a means of exchange as friendly compliment or 
in smoothing diplomatic relations. Pottery and porcelain were precious 
things possessing under these conditions a value immeasurably beyond 
utility of service. Almost fabulous value it would seem sometimes, 
for private collector and museum curator openly gloat over their treasures 
and tell us without apology the prices at which they are quoted. 

Finally, as our studies progress, we begin to understand and approve 
the justice of the high esteem in which certain designs and colors are held 
and are ready to inquire into the mystery. Why do collectors struggle for 
possession of certain examples of style and period or the work of an in- 
dividual craftsman, while other wares remain merely crockery to the end 
of their existence and pass unmourned into the limbo of the trash-dump? 

Your inquiry will lead you inevitably to art as the explanation. Art 
which combines form and color into a whole—the whole which is a joy 
forever. Science which guides us so definitely today was, in the past 
when many or perhaps most beautiful triumphs of the art were made, only 
present as an accumulation of experience not understood but recognized 
as operative; for if the combination was inaccurate heartbreaking loss was 
the penalty. But, and this is the point, the incomparable value of beauty 
was there in rich abundance. This was no accident for the craftsman was 
an artist. 

It is a commonplace of knowledge that our age is one of scientific achieve- 
ment beyond all competition from other forms of intellectual endeavor. 
From this unquestioned state has grown a quite natural pride and pre- 
occupation to the exclusion of appreciation and even of the power to under- 
stand other and greater forces. 

It is true, though rarely comprehended and perhaps difficult of compre- 
hension, that the only permanent thing in this changing world is spirit. 
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Things of pure utility serve their purpose, wear out and are forgotten. 
Those other things to which have been added the mysterious quality of 
beauty are cherished even in their shattered old age. The foregoing 
is a statement of sober fact, and yet so holden are our eyes in this age of 
glittering, material achievement that we refuse to understand. 

My parable reciting my encounter with the little pitcher with green 
leaves floating on a sea of deepest blue will be understood by a few. I 
am hoping that some young, courageous manufacturer of ceramic ware 
in quantity production, may also understand and understanding put all 
to the hazard. With good sense as well as courage, he could become the 
merchant prince of his age. Really art is the most practical asset of the 
manufacturer, even when misused; when applied in full measure of skill 
and understanding the product is without rival. 


Newcoms PoTrery 
New La. 


COMMON STONEWARE DECORATED BY THE CHINA 
PAINTER’S PROCESS! 


By Artuur M. 


The old saying that “‘it is hard to teach an old dog new tricks” has prob- 
ably been considerably overworked, but no doubt contains a germ of truth, 
and used with a reverse English, might apply as an excuse for this paper, 
which is offered without any apology at the instance of Prof. Cox of the 
Iowa State Agricultural College, who was good enough to make some 
kind remarks concerning some pieces of decorative pottery produced by the 
writer several years ago, who at that time was actively interested in the 
manufacture of stoneware at Fort Dodge, Iowa. Referring to our ob- 
servation would say that to one who has spent most of his earlier years 
in mastering the various problems as they pertain to the manufacturing 
of clay goods and having the inspiration of three generations of ancestors 
who were engaged in the same occupation, one finds it almost impossible 
to forget that early training; hence this paper. 

For the benefit of those who might not be familiar with the manufacture 
of stoneware, it might be said that stoneware has been defined as that kind 
of pottery which is made from a natural clay and whose firing and glazing 
is accomplished in one operation. It is always glazed and generally it is 
vitrified in body texture. 

The pieces produced at that time were made from the stoneware clays 
found in abundance in this locality. The clay was prepared by washing 
in the usual manner and the articles were mostly hand-turned and con- 
sisted of pitchers, jugs, vases, tobacco jars, steins, etc., also some medal- 


1 Presented at the Annual Meeting of the AMERICAN Ceramic Society, Columbus, 
Ohio, Feb., 1925. (Art Division.) 


PAPERS AND DISCUSSIONS 221 


lions, which were molded. The designs were applied to the dry or green 
ware in outline, free hand, and then scratched out with a pointed instru- 
ment; all rough edges were carefully smoothed out. The ware was then 
carefully dried and fired once as bisque ware, along with other stoneware. 

After the initial firing the pieces were carefully gone over and all im- 
perfections removed as far as possible, and treated to the regular dip of 
transparent glaze, which retained the natural straw color of the clay, after 
the second firing. Regular china colors were applied by Mrs. White, who 
had received training as a china painter, and who was responsible for all 
the decorative effects. She also modeled some of the handles. The last 
and final firing was accomplished in an oil burning studio china kiln. 

These wares, having been subjected to the high temperatures of a stone- 
ware kiln, were practically vitrified, and when struck, gave out a sharp, 
metallic ring, and were both grease and acid proof. Some good, under- 
glaze effects were produced by using a black oxide of cobalt, with a suitable 
flux for the designs, and then applying the glaze and firing only once. 

It can readily be seen that the beauty of this ware is mainly dependent 
on the artistic ability of the decorator, as well as the selection of designs 
suited to the size and shape of the pieces, in order to secure that harmony 
of color texture and line so pleasing to the connoisseur, 

The pottery above referred to was destroyed by fire some years ago and 
the work of the writer along this line necessarily terminated and about all 
that is left of these experiences are some very pleasant recollections and a 
modest collection of ware. If the experiences of the writer, as outlined 
in this rather brief and hastily composed paper, have been honored with 
your interest and attention, I shall feel well paid for the effort. 


Fort Dopce, Iowa 


DISCUSSION ON “OBSERVATIONS ON PINHOLING 
IN CAST WARE”! 


Pau E. Cox:? Professor Binns taught his students to paint the molds 
with the slip before pouring the slip into the molds when casting wares 
for use as test pieces in the laboratories. This process prevented pinholing. 
I accepted this process as one in common use in English plants, since Prof. 
Binns had at that time but lately come from the Royal Worcester Porce- 
lain Factory. I know that a little work with a brush saves much patching 
of surfaces in the casting of small vase forms. 

While I cannot formulate an answer to Mr. Hemphill’s questions, I 
would say that a painstaking review of the literature to date and some 
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laboratory work in the plant and undér plant conditions would yield the 
answers. Determinations of the properties of the clays and other raw 
materials of the slips in question would point the way 

W. KeituH McAFEE:' I will not attempt to answer the question asked 
in the last part of Mr. Hemphill’s excellent paper. There are several 
points I would like to raise, however. 

Mold condition, no doubt, has a very great deal to do with pinholing. 
As Mr. Hemphill points out, damp molds will increase this trouble. Cold 
molds and new molds are also bad in this respect. The latter probably 
because of the slick surface, which can be largely counteracted by properly 
sponging the casting surfaces. ‘“‘Soft’’ molds tend to eliminate pinholes, 
but are usually impractical. 

It seems to me that these conditions have to do more with the cure of 
pinholes than the prevention. We mean by pinholes, I take it, small 
round holes penetrating the surface of ware to varying depths, and prob- 
ably caused by trapped air, and possibly in some cases, by shrinkage. 
Assuming that these are caused, for the most part at least, by trapped air, 
either due to incorrect pouring of the molds or air in the slip itself, the con- 
dition of the molds will either help to eliminate this air, or hold it at the 
surface, as pointed out by the author. 

We have found that the rate of, and method of, pouring molds has a great 
deal to do with this trouble. The slip should not splash, should be poured 
in a slow, even stream and, where possible, allow the mold to fill from the 
bottom up. 

A great deal of trouble was experienced with pinholing about a year ago, 
and investigation disclosed several sources of air in our slip distributing 
system. In our system, the finished slip is run from the lawns to storage 
cisterns by gravity. It is pumped from there to open tanks on the roof 
of the casting shop. Both the cisterns and slip tanks are provided with agi- 
tators. The slip flows by gravity through pipes to the various casting 
benches where it is drawn off through hose and introduced directly into 
the molds. 

A worn stopcock on the suction side of the slip pump was replaced. The 
slip was fed to the tanks on the roof from the top and dropped some dis- 
tance into the tanks when they were empty. The piping was changed 
to introduce the slip from the bottom. All the agitators were slowed 
up so that there was no splashing at any time. The blades of the 
agitators were warped slightly to give the slip an upward motion as they 
revolved. 

These changes immediately brought about a great improvement. The 
casters were required to draw off a bucket of slip immediately before they 
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started to pour, and bleeder valves were placed at various points on the 
slip pipes. These valves are opened before pouring starts, and air allowed 
to blow off until slip begins to flow. It is surprising how much air can be 
drawn off in this way. 

One of the most important remedies for pinholes is the method of finish- 
ing. Mr. Hemphill brings out this point. I sometimes think that all 
ware has some pinholes which will invariably show up if the finishing is 
not correctly done and at the right time. This point has been lately 
brought forcibly to our attention. We stick the rims on our closet bowls 
with a roll of pugged clay. If this is not worked down properly, it will be 
fairly peppered with pin holes. They are very fine, and practically im- 
possible to detect either in the green or biscuit stage, and only show up 
in the gloss ware. This seems to be purely a question of finishing. 

Pinholing is a trouble everyone seems to have more or less. They are 
sometimes nearly '/;s inch in diameter and run clear through a piece of 
ware '/, inch thick. They seem to be most prevalent-in single cast ware, 
or hollow cast ware, which is nearly the same thing. 


DISCUSSION ON “THE ELECTRIC BRASS FURNACE 
REFRACTORY SITUATION”! 


MEMBER: What watt-loss is permissible before one would consider 
replacing the lining? What is the proportion of the energy lost through 
the refractories as compared to the total energy consumed? In other 
words how do you know when to tear the lining out? 

E. L. Mack: A computation of that would depend largely upon con- 
ditions of melting whether melting eight hours or twenty-four and what 
you are melting. It would be hard tosay offhand. Wecan say ina general 
way that you get to a point in lining life where the energy loss through the 
refractories is so great that the average energy consumption over the whole 
period of lining life will be 10 or 15% higher than that obtained in the 
first heats on a new lining. This is caused by increased heat conductivity 
of the lining due to metal penetration. Obviously a point exists at which 
it will pay to renew the lining even though the old one is in good mechanical 
condition. Beyond this point the cost of a new lining is not being saved; 
it is being paid to the central station for warming the atmosphere in the 
vicinity of the furnace. For any particular case the locating of this point 
should be a matter of experiment based upon complete melting data ob- 
tained under average foundry conditions. 


1H. W. Gillett and E. L. Mack, Jour. Amer. Ceram. Soc., 7 [4], 288(1924). Dis- 
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CHAIRMAN Lyon: This paper is an illustration of what the metallurgist 
has in mind when he says we are in need of better refractories. As you prob- 
ably understand it may be possible for the metallurgist to develop a process 
but if he has not a refractory that will stand the requirements right there 
he stops. One of the objects of this discussion is to acquaint the ceramic 
engineer and the manufacturer of refractories with the metallurgical 
requirements of refractories. 

Mr. Crossy: In the application to the non-ferrous melting industry 
of the Detroit electric furnace we have in the past encountered a great 
many refractory problems. Those problems seem’ as far as the non- 
ferrous industry is concerned to be thoroughly solved. Metal production 
on the order of 2,500,000 pounds per lining is not at all unusual and we 
will average one and one-half million pounds on refractories on red brass 
alloys; on yellow brass alloys the figures show higher refractory life than 
most others. 

We have furnaces in satisfactory operation on nickel-silver and have 
been able to show on the manufacture of synthetic gray iron a lining life 
comparable to that of the cupola or similar metallurgical equipment which 
is fairly a good result. For the brass furnaces we are using refractories 
from two or three standard sources. These are of the highly aluminous 
class and are made up in standard blocks. In fact that is perhaps the solu- 
tion to our lining problems. We have made these blocks in various sizes 
to fit the various furnaces. At one time I was imbued with the idea 
that I would like to have a one-piece cylindrical lining and still would 
if I could get a ceramist that would give me one which would be satis- 
factory. We went a step too far in that direction, however, by making 
our blocks so large that they cracked, and have gone back to smaller 
sizes. ‘The furnace size in the 750-pound Detroit furnace for instance is 
a circle block which is about ten inches square and four and one-half 
inches thick. 

A great deal has been done in the development of patching material 
which also helps us to improve our lining life. Scrap metal contains 
considerable siliceous and other non-metallic material and the erosion 
and chemical reaction tend to chew up the lining rapidly. We believe 
one of the peculiar advantages of the moving indirect-arc furnace is that 
it is extremely easy to patch. 

Our furnace is nothing more or less than a hollow cylinder and is so 
designed that patching may be applied readily either from the electrode 
portholes or from the door. 

We would be highly interested, in fact the thing that is attracting more 
attention at the present time from our engineering department than any- 
thing else is the development of a refractory lining for our furnace for use 
in the manufacture of synthetic gray iron. 
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It is rather difficult to make a magnesite lining stick in our type of fur- 
nace and we have tried a great many mixes which have been suggested 
by several prominent ceramists with very unsatisfactory results. We 
would be intensely interested in a refractory which could be applied in 
a cylindrical furnace readily and stand up under the melting of iron bor- 
ings and turnings. I believe there is a tremendous market for that type 
of equipment. In fact, I am positive that we have a demand for several 
furnaces that could be supplied immediately if we felt there was a refrac- 
tory which we could unhesitatingly state would last from four to five 
hundred heats on gray iron. Unfortunately I know of no such refractory. 
I am confident that so far as refractories for non-ferrous work are con- 
cerned our troubles are behind us. They have long since been solved 
for our furnaces. 

D. A. Lyon (Chairman): ‘The field of usefulness of the induction furnace 
could be much extended if suitable refractories were developed for such 
a furnace. So far the consumer has done the talking on this subject. 
The ceramist should have something to say. At a similar symposium last 
year at Pittsburgh those of you who were there will remember that the 
refractories people did all the talking and we could not get the consumer 
to say anything. The metallurgical industry today and, especially the 
electric furnace phase of it, is up against it so to speak for refractories that 
with meet the requirements. As Dr. Mack said, what is needed is not 
merely a refractory that will stand high temperatures. The require- 
ments are very much more than that. 

E. L. Mack: ‘There is one other thing I would like to hear discussed. 
That is the possibility of producing what, for want of a better name, we 
call a “‘graded or laminated”’ refractory. I think Dr. Gillett has pre- 
viously talked about this possibility before this and other societies. The 
idea is to attempt to make use at the same time of the excellent refractory 
properties of carborundum and the good mechanical and thermal proper- 
ties of fire clay by working out a refractory having a continuous variation 
in composition from pure fire clay on one face to bonded carborundum 
on the opposite face. Actually this would very likely work out as a piece 
built up from layers of increasing carborundum content as the working 
face is approached. 

It is recognized that the ceramic problems to be encountered in the 
production of such a refractory would be stiff ones but it is felt that the 
usefulness of the product would justify the effort. A successful develop- 
ment along this line would make available a refractory of fairly good ther- 
mal resistance, good mechanical properties, and superior chemical resis- 
tance. It would have a certain field of application awaiting it in the brass- 
melting industry and very likely additional fields in other metallurgical 
industries, with which I am not so familiar. 
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DISCUSSION ON “PLASTIC PROPERTIES OF ENAMEL SLIP”! 


R. D. Cooke: The mobility increases in a linear manner with the solid 
content and has a concentration of zero mobility. At the concentration 
of zero yield point the mixture passes from a liquid to a solid. These 
methods should give valuable results in determining the suitable clays 
for enameling purposes with reference to their ability to suspend the 
enamel and provide good operating consistency. 

H. F. Statey: Mr. Cooke has touched on a rather vital point in regard 
to enamels. The determining or measuring in quantity the properties of 
enamel clays is one of the most difficult and obtuse problems we have. 
About the only way we have at the present time of trying out a clay is to 
put it in the enamel and if it works, it works, and if it does not work, we 
set it aside and keep it as an exhibit. 

Mr. Cooke in his method states that if the clay does not work he not only 
finds out why it fails to work but he may be able to add something which 
will make it work. Therefore this paper is of real practical value to the 
enamelers. 

R. R. DANIELSON: Do you make the determinations on the enamel 
slip as it is used in the shop or do you have to thin it down? 

Mr. CooKE: It is made on the enamel as it is used. 

R.R. DAnrEtson: I think Mr. Cooke has done a mighty fine piece of 
work. Those of us who tried to use the old apparatus for making deter- 
minations for the setting up of enamels have found it of practically no value. 
The Bureau has done considerable work on clays. They have had the 
problem whether the Bingham apparatus could be used. Because of the 
comparative coarseness of the enamel particles they could do nothing with 
it. Mr. Cooke has been very ingenious in devising an apparatus which 
gets around the objection of the present Bingham apparatus. 

R. D. LanpRuM: This gives us another method of making a standard 
for our shop practice. 

There are some hundred places in the enameling process where things 
can go wrong. And for those one hundred places we have only four or 
five standards, because we have only four or five things that we can actually 
measure. In the manufacture of table tops we not only have to put the 
enamel on, but we have to put it on quickly. Production is essential. 
We do not want to take the time to spray. Our idea would be simply to 
have a machine that would put this table top through the enamel, drain 
and dry it and then on through the furnace. Our need is a continuous 
process. 

What is the defeating factor in having the slip the same today, to- 
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morrow and the next day? Five table tops dipped by the same girl in 
exactly the same tank will be found to have a variation of 25% in the weight 
of enamel on the tops. 

Mr. Cooke has given a method and a machine that any enameler can 
tig up and interpret the results. He can find how to make that slip al- 
ways work the same. With these ideas we can find a method of keeping 
the procedure uniform. 

B. T. SwEELY: There is just one phase which Mr. Cooke has brought 
out but on which no one has as yet touched and which is of vital importance 
to the man who is spraying ware. You will find that the sprayed piece 
of ware leaving one operator is perfectly smooth while on that from another 
operator the enamel will pile up no matter how you set that gun. In 
other words instead of being a perfectly smooth coat it looks rough as 
though the operator had held his gun too close. It makes no difference 
where you hold the gun you will get that effect. 

I believe the yield point as Mr. Cooke describes it in this test is the key 
to that situation—the thing that we have all been seeking, trying to get— 
a uniform and smooth coat of enamel on a piece of ware under the average 
spraying condition. 

In my own shop that is one of the most troublesome things with which 
I have to deal. We set the enamel in the time-honored practice of sticking 
a finger into it. Look at your cull pile and you will see why such a test 
is no test at all. 

The question of keeping your slips under control is a very acute problem 
in the shop. I worked for some eight months trying to standardize slips. 
I never succeeded in doing it. I was trying to standardize viscosity. I 
think Mr. Cooke has at least hit on something that will give us a real start 
on the question of standardizing our enamel. 

H.F.Sratey: This question is of interest not only to the wet coat enam- 
elers but also to those who do dry coat enameling, because in getting a 
uniform ground coat on the casting either by spraying or slushing or pour- 
ing enamel, the ground coat is very liable to run down and collect in 
heavy beads at edges and in certain other spots, which causes blistering. 


ART DIVISION QUESTION BOX 
MARGARET Epiror 
In conducting a Question Box, it is the aim of the Art Division to serve 
not only the members of its own individual division, but also the mem- 
bers of any of the other divisions to whom it may be of service. 
This being a new venture for the Art Division, we do not know the 
best and wisest way to proceed. We are going to begin, however, by 
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publishing from month to month a list of contributed questions with a 
discussion of one or more, as space permits, by some well-informed person. 

Our initial list of questions is rather meager but we wish to get going. 
We want you to know first that there is such a thing as an Art Division 
Question Box and second, we want you to help make it a success by 
allowing us to serve you. The true measure of our success will be in 
direct proportion to the real value of our service. 

Please do not hesitate to send in that perplexing question, or any new 
or helpful suggestion. Discuss it yourself and we -will endeavor to 
supplement your discussion with the viewpoint of others. 

Address all communications to Margaret Kelly Cable, University 
Station, Grand Forks, North Dakota. 


Questions 


1. What is the best way of preparing clay for a school having no clay washing and 
clay preparing equipment? 

2. Istherea light burning clay which burns dense at cone 1, for example, and where 
may it be bought prepared for studio use? 

3. Where do such schools as are listed below purchase their clays? Are they 
bought wet or dry? 

The Lewis Institute and the Art Institute of Chicago, the Cleveland School of 
Art, the Museum School of Industrial Art, Philadelphia, the Museum School of Fine 
Arts, St. Louis, the Newcomb School of Art, New Orleans, Schenley High School, 
Pittsburgh, the Normal Art Department, University of Wisconsin, and the University 
of North Dakota. 

4. I have had difficulty since the war in securing flat potter’s sponges. Where 
may they be obtained? 

5. What is the relative difference in the cost of purchasing glazes ready for use 
and making up one’s own, provided one has the equipment? 

6. Is there any way that a porous biscuit body may be made waterproof except 
by glazing? For example, many small schools have no kilns or firing facilities near at 
hand and yet would like to render the pieces, fashioned of local clays by the grade school 
children, waterproof. These pieces could be biscuited at a low temperature in an open 
fire much as primitive wares are baked. The teacher from whom the inquiry comes 
would like to know if there is any simple method of treatment or preparation which 
could be applied to the inside of such wares to make them waterproof? 

Reply to Question 1. By Freperick H. RHEAD.—I would suggest the installation 
of a simple, 25-gallon barrel churn, costing about $12.00. A small motor would cost from 
$15.00 to $20.00. The churn can be driven to operate about 55 revolutions per minute. 

The clay mixed with about 50% of water would be placed in the churn and operated 
for four or five hours. The resulting slip would be run through a 60-mesh sieve and then 
poured in plaster troughs until the surplus water was absorbed. The clay would then 
be wedged or kneaded to an even consistency. 

Such a process could be reduced to a mere routine. Students should assist in this 
work not only as a matter of convenience but they should know how to prepare clay. 

The 25-gallon churn will mix approximately 100 pounds of ciay and as this can be 
done in about four hours, the needs of an average size school can easily be met. 
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February 8-13 inclusive, 1926, is the time the members of this Society will spend 
in Georgia. Words from the Georgian ceramists and from the Chambers of Commerce 
in Atlanta, Macon, Gordon and MacIntyre are to the effect that nothing humanly 
possible will be left undone to make our Meeting in their state most profitable. 

The technical sessions will be held in Hotel Biltmore, Atlanta on Monday, Tuesday, 
Wednesday and Thursday. 

The Woman’s Club has promised a regular “‘cut up” evening with a musical farce 
and a dancing party “what am.” A banquet royal also awaits. 

On Thursday afternoon a special train will move the entire party to Macon. Com- 
fortable hotels, modern in every respect and of ample capacity will house us for the night 
but not until after the Macon folks have shown us a bit of banquet hospitality in true 
southern style. 

Friday morning early we again board our special and go eastward. A portion 
of the party will go direct to Stevens Pottery where they make fire brick, sewer pipe 
and clay specialties. The remainder of the party will go direct to MacIntyre. 

Have you ever been to Klondyke? You will on this trip and that too with the 
Edgar brothers. Other clay preparation plants, most novel, are in MacIntyre. | 

Then about noon both parties will travel back westward to Gordon, the four 
cornered ceramic metropolis of Georgia. In Gordon we will see a modern porcelain 
brick plant and several clay washing plants, that is, if we are not loaded to the gills 
with barbecued partridges, etc. They say the Gordon crackers are right there on 
barbecues. Even now their mouths are watering in anticipation of our being with them. 
And some brick plant you will say. Bauxites and clays galore. 

Then Friday evening our special will take us back to Macon where we again will 
be received royally and again enjoy their comfortable hotels. Saturday will be spent 
with the Maconians and some spenders are they. You will have a chance to see clay 
mines and washing plants and the extensive clay working plants of our fellow member 
Dunwody. 

This hurried sketch of the week as planned by the Georgians does not make men- 
tion of the many historical and ceramic points of interests, each of which you will re- 
member with profit and pleasure. A grand time, a profitable meeting and the extreme 
of hospitality awaits us at our Annual Meeting in Georgia next February. 


NEW MEMBERS RECEIVED FROM MARCH 15 TO 
APRIL 15 


PERSONAL 

J. Atwood Austin, 1942 Iuka Ave., Columbus, Ohio. Student. 

Willi M. Cohn, P. O. B. 161, Haifa, Palestine. Managing Director of the Kishon 
Clay Works, Ltd. 

Clark M. Dennis, 233 Broadway, New York City. Chief Chemist, Technical Service 
Dept., American Trona Corp. 

Myrtle Meritt French, Art Institute of Chicago, Chicago, Ill. Teacher of Pottery. 

Jane Hoagland, 206 Quincy St., Brooklyn, N. Y. Artist Potter. 

William J. Murphy, 233 Broadway, New York City. Borax Salesman, American 
Trona Corp. 

William J. Spielman, 229 Hamer St., Clyde, Ohio. Enameler. 

Walter Steger, Im Eichkamp 46, Berlin, Grunewald, Germany. 

W. D. Woolley, Carey, Ohio. President, The Carey Ohio Porcelain Co. 

CORPORATION 
Ingram-Richardson Corporation, Bayonne, N. J. J. R. Burt. 
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Membership Workers’ Record 


Personal Corporation 
R. D. Landrum 1 
Mary G. Sheerer 2 
Ira E. Sproat 
Office 6 
Total 9 | 


LIST OF STANDING COMMITTEES, 1925-26 


Publication M. C. Booze H. F. Staley 
Forrest K. Pence, Chairman E. C. Hill E. W. Washburn 
Francis C. Flint F. G. Jackson 
Miner L. Hartmann ‘ Tests R. F. Ferguson 
W. E. Dornbach C. F. Binns H. G. Schurecht 
E. P. Poste A. V. Bleininger 
Rules R. F. Brenner 1 
L. E. Barringer, Chairman A. VY. Henry Papers and Program 
M. F. Beecher G. A. Bole Ross C. Purdy, Chairman 
J. D. Whitmer Cc. W. Hill H. Clinton Baldwin 
S. R. Scholes Geo. Sladek H. G. Wolfram 
W. J. Stephani A. N. Finn 
Arthur Baggs Products A. P. Potts 
R. R. Danielson F. H. Rhead L. C. Hewitt 
W. D. Richardson A. E. Williams G. M. Tucker 
W. E. Dornbach Hewitt Wilson F. H. Rhead 
W. A. Hull W. L. Howat 
E. H. Fritz Robt. Twells, Jr. 
Membership Sections and Divisions H. Ries 
Chairman A. Silverman, Chairman A. M. Campbell 
Fred B. Ortman E. P. Poste W. G. Worcester 
Hewitt Wilson A. F. Hottinger G. A. Bole 
Charles F. Geiger F. L. Steinhoff Data 
Rey +. Sum F. T. Owens C. W. Parmelee, Chairman 
R. A. Weaver Mary G. Sheerer H. S. Kirk 
M. E. Manson T. D. Hartshorn 
R. A. Horning A. Silverman J. W. Cruikshank 
Geo. P. Fackt John D. Martin R. E. Arnold 
I. E. Sproat Cc. E. Bales D. W. Ross 
Standards E. C. Hill T. A. Klinefelter 
R. F. Geller, Chairman F. H. Riddle E. Schramm 
Definitions Research Ceramic Education 
A. S. Watts W. M. Clark, Chairman W. Keith McAfee, Chairman 
M. F. Beecher A. V. Bleininger Edna P. Carson 
J. S. McDowell A. R. Payne R. D. Landrum 
R. L. Clare H. W. Hess 
Raw Materials R. R. Danielson H. R. Straight 
D. W. Ross F. H. Rhead A. F. Hottinger 
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PERSONAL NOTES 


Y. R. Anderson, formerly of Young, Saskatchewan, Canada has moved to St. Louis, 
Mo., where he is employed by the Evens & Howard Fire Brick Co. 

Randolph H. Barnard of the Illinois Glass Co. of Alton, Illinois has been trans- 
ferred to the Gas City, Ind. plant. 

Richard S. Bradley of Bement, Illinois has moved to Mexico, Mo. 

George H. Duncombe of Columbus, Ohio has recently become affiliated with Mellon 
Institute, Pittsburgh, Pa. 

Roland J. Gouin, Plant Chemist for the Illinois Glass Co. of Alton, Illinois has 
moved to Claremont, N. H. 

Victor V. Kelsey has moved from Knoxville, Tenn. to Washington, D. C. 

R. D. Landrum, past president of the SocrEty is now identified with the 
Titanium Alloy Mfg. Co., Tenbusch Bldg., 6007 Euclid Ave., Cleveland, Ohio. 

F. A. McCann, who has been affiliated with Mellon Institute, Pittsburgh, Pa., is 
now with the Pacific Clay Products, Inc., Los Angeles, Calif. 

J. G. Phillips, who has been connected with the Research Laboratories of the 
Standard Oil Co., is located at the U. S. Bureau of Mines, Columbus, Ohio. 

Fred W. Runge, Chemist for the Josiah Anstice & Co., Inc., Rochester, N. Y., 
is now located with the Ferro Enameling Co., Cleveland, Ohio. 

Victor N. Yingling has moved from Columbus, Ohio to 318 N. Duke St., Lancaster, 
Pa. 


LOCAL SECTION NEWS 


Baltimore-Washington Section' 


The fourth and last meeting of the Baltimore-Washington Section for the 1924-25 
season was held at 7.00 p.m. Saturday, April 7th, 1925, in Washington, D. C. The 
usual dinner was enjoyed. 

Dr. Kurd Endell of the Technische Hochschule, of Berlin, Germany gave a paper 
on ‘“‘The Thermal Expansivity of Refractories.’’ Dr. Endell gave us an insight into 
some of the peculiarities of expansion which take place in some refractories. 

Dr. J. W. Greig of the Geophysical Laboratory, in his paper on ‘‘The Formation of 
Mullite from Cyanite, Andalusite and Sillimanite’’ showed that the formation of mullite 
takes place at definite temperatures for these materials. 

Dr. Endell and Dr. Greig used lantern slides to illustrate their papers. 

These two speakers were followed by Mr. H. F. Staley of the Metal and Thermit 
Corp. Mr. Staley addressed us on ‘“‘Pottery and Enameling Practice on the Pacific 
Coast.’’ His explanation of some of the ingenious devices used by our Western brothers 
was somewhat handicapped by the lack of a blackboard, but he easily overcame this and 
made us understand the workings of these devices. 

Following the speakers there was an election of officers for 1925-26. The following 
were elected: 

R. R. Fusselbaugh, Chairman, Baltimore Enamel & Novelty Co. 

P. H. Bates, Vice-Chairman, Bureau of Standards 

D. H. Fuller, Secy. and Treas., Bureau of Standards 

Karl Langenbeck, Councillor, Bureau of Standards 


After the election the meeting adjourned. The next meeting to be held in Balti- 
more, on October 3rd, 1925. 


' Reardon Fusselbaugh, Secy. 
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Chicago Section Meeting 


The members of the Chicago Section held their April meeting on the 14th at the 
club rooms of the Western Society of Engineers. The success of the meeting was 
immense and the members proved that a local section can produce a program equal in 
caliber to the Annual Meetings of the Society. The following papers were presented 
at the afternoon session and each one was followed by a spirited discussion: 

1. “Role of Air in Plastics,’ by Harry Spurrier. 

2. ““Manufacture of Eversharp Leads,’’ by Robert Back. 

3. “Ceramic Problems in the Manufacture of Telephone Equipment,”’ by H. T. 
Bellamy. 

4. “Data on the Operation of an Oil-Fired Frit Furnace,”’ by B. S. Radcliffe. 

5. “New Type of Oxy-Acetylene Fusion Furnace, with Notes on the Behavior 
of Refractories at Cone 40,’ by A. F. Gorton and W. H. Groves. 

6. “Research Work in Progress at the Department of Ceramic Engineering, 
University of Ilinois,”” by C. W. Parmelee. 

Forty-two were present at the dinner at the Chicago Engineers Club. In the 
evening the following papers were presented: 

1. ‘‘Manufacture of Molded Insulation,’ illustrated with two reels of motion 
pictures, by R. C. Shuey. 

2. ‘‘Manufacture of Fine China’ (motion pictures), by W. W. Wilkins. 

R. D. Landrum represented the Board of Trustees and spoke briefly congratulating 
the members on their record meeting. The motion pictures films which were shown 
proved very entertaining. 


CHAIRMAN OF ART DIVISION A DELEGATE TO 
THE PARIS EXPOSITION 


A number of ceramists intimately connected with the Exposition of Modern Decora- 
tive and Industrial Art, which opens in Paris, in May, will accompany the commission 
appointed by Secretary Herbert Hoover. Mary G. Sheerer of H. Sophie Newcomb 
Memorial, will represent the AMERICAN CERAMIC SOCIETY. 

Interest in the arts shown at this exposition has been greatly fostered by the atten- 
tion given to it by Secretary Herbert Hoover who appointed a commission to head the 
delegation, comprising Dr. Charles R. Richards, president of the American Association of 
Museums, as chairman, Mr. Henry Creange, the winner of the Friedsam Art and Industry 
Medal, and Frank G. Holmes of the Lenox potteries in Trenton. The commission 
appointed Edward L. Bernays, counsel on public relations, as an associate member. 

In officially recognizing the importance of this exposition, Secretary Hoover has 
taken the first step in the government interest in these industrial arts. He called upon 
the commission to report on such features of the exposition and phases of the individual 
groups of exhibits, as may be of interest and value to American manufacturers. 


OBITUARIES 


Willis E. Cunning 


Willis E. Cunning, president of the West End Pottery Company, East Liverpool, 
Ohio, died on April 4 at the age of sixty-three. Mr. Cunning had long been a member 


~ 
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of the AMERICAN CERAMIC SocrETy and since 1920 had been corporation representative 
for this company. 


William Shaw George 


William Shaw George, President 
of the W. S. George Potteries Co., 
East Palestine, Ohio, and corporation 
member of the AMERICAN CERAMIC 
Society, died in New York City, April 
12,1925. Mr. George was born in East 
Liverpool, Ohio, March 21, 1865. In 
1898, he left the employ of the Ohio 
China Co., as decorator, to take over 
the management of the East Palestine 
Pottery Co.’s plant, which is now No. 
4 plant of the W. S. George Potteries. 
Other plants of this company are 
located at Canonsburg and Kittanning. 


Richard R. Hice 


Richard R. Hice died at his home 
in Beaver, Penna. at the age of sixty. 
He was a charter member of the 
AMERICAN CERAMIC SOCIETY and presi- 


WILLIAM SHAW GEORGE 


dent of same during 1915. Mr. Hice graduated 
from Geneva College, at Beaver Falls, in 1880 
and he was engaged in brick manufacturing for a 
number of years. In more recent years he 
devoted a great deal of time to geological survey 
work in Pennsylvania. He was a large contributor 
to the Transactions of the SocrETy. 


William Henry Grueby 


Word has been received of the death of RICHARD R. HIcE 
William Henry Grueby, head of the Grueby 
Faience and Tile Co. of New York on February 23, 1925. Mr. Grueby was intimately 
associated with the C. Pardee Tile Works, Perth Amboy, N. J. He had been a member 
of the AMERICAN CERAMIC SocrEty for a number of years. 


George W. Dilks, Jr. 


George W. Dilks, Jr., vice-president of the Seaboard Fuel Corporation, Phila- 
delphia, Pa. died on April 16. Mr. Dilks had been the corporation representative 
for this company in the AMERICAN CERAMIC SOCIETY since 1922. 


| | 
{ 
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BUREAU OF STANDARDS NOTES 


Measurements on the The Bureau has completed measurements on the thermal 
Thermal Expansion expansion of representative samples of fused silica (fused 
of Fused Silica quartz) between minus 125°C and plus 1000 Cc. The speci- 

mens were furnished by commercial companies. This re- 
search was undertaken for the purpose of obtaining data on the thermal expansion of 
fused silica for use in thermostats, clock pendulums, length standards, pyrometers, 
gas sampling devices, acid resisting articles, insulating and temperature resisting de- 
vices, etc. 

The expansion curves show very interesting results at low temperatures. For 
each sample of fused silica, a critical temperature (or minimum length) was found. On 
heating above this temperature the material expands, but on cooling below this tem- 
perature, expansion (instead of contraction, as might be expected) also takes place. 
In other words, the coefficients of expansion are positive above the critical temperature 
and negative below this temperature. From a consideration of all available results 
relating to the critical temperature, or minimum length of fused silica, —80°C may be 
taken as a representative value for the critical temperature of this material. The re- 
sults at high temperatures are now being studied. 

A manuscript giving the results of this investigation is being prepared for publica- 
tion. This publication will include a review of available information obtained by pre- 
vious observers on the thermal expansion of fused silica, as well as a detailed description 
of the apparatus and methods of measurement required for the accurate determination 
of such minute values of the coefficient. 


SOCIETY OF GLASS TECHNOLOGY 


A meeting of the Society of Glass Technology was held in Armstrong College, 
Newcastle-upon-Tyne, on Wednesday, March 18, the President, S. C. Halse, in the chair. 
Two papers were presented. The first was entitled, “The Use of Zirconia in Glass- 
Making and the Characteristics which this Substance Imparts,’’ by Violet Dimbleby, 
S. English, Edith M. Firth, F. W. Hodkin, and W. E. S. Turner (all of the Department 
of Glass Technology, the University, Sheffield). Prof. Turner, who gave this paper, 
referred to the statement by Arnold in 1918 that zirconia had a very low coefficient 
of thermal expansion, namely 8.4 < 1077, only little more than that of fused silica. 
By analogy with the influence of silica in glass, it might be expected that zirconia would 
reduce the thermal expansion of glasses and assist in the production of glasses of en- 
hanced thermal endurance. Another reason for investigating the use of zirconia was 
the possibility of making glass distinctly more durable and resistant to alkaline solu- 
tions. Zirconia was also being proposed for use as a refractory material, and had in 
fact, been employed experimentally for very high temperatures. In recent years it 
had been advocated as a medium for making opal glasses and enamels, but in the experi- 
ments carried out at Sheffield it was found that soda-lime-zirconia-silica glasses and 
soda-zirconia-silica glasses could be prepared with a considerable zirconia content. 
In the series of general formula 6SiO, (2-x) Na,O, x ZrO,, ten per cent, and in the 
series (6-x) SiOz, 2Na,O, x ZrOz, twenty per cent of zirconia was introduced without 
producing opacity. The glasses containing considerable amounts of zirconia were diffi- 
cult to melt and were viscous like alumina glasses, but with a shorter working range than 
the latter. The zirconia glasses did not exhibit low thermal expansion. Their anneal- 
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ing temperatures increased with zirconia content, less steeply than corresponding glasses 
with basic oxides, such as lime or magnesia. Replacement of silica by zirconia very 
considerably enhanced the resistance of the glasses toward attack by alkaline solutions. 

The second paper was entitled, ‘The Effect of Composition on the Viscosity of Glass, 
Part III. Soda-Lime-Magnesia Glasses, and Soda-Lime-Alumina-Glasses,’’ by S. 
English. Mr. English described experiments he had carried out with a view to 
investigating the effect on the viscosity of glass of the substitution of alumina and of 
magnesia at various temperatures between 1400°C and the annealing temperatures of 
the glasses produced by substitution. As a starting point, a glass of the molecular 
composition 1.2 Na,O, 0.8 CaO, 6 SiO. was taken and the lime was substituted by 
magnesia in molecular proportions, 0.1 mol. being substituted at each stage. Through- 
out the whole range of temperature, from 1400° to below 600°, the replacement of lime 
by magnesia was accompanied by a reduction in viscosity, a minimum value being 
indicated for glasses containing approximately equimolecular proportions of the two 
bases. A further important feature that was evident from the curves in which the 
logarithms of the viscosity were plotted against composition for this series of glasses, was 
that the substitution of magnesia caused the rate of increase of viscosity with falling 
temperature to become more uniform throughout the whole range of temperature. 
In the series of glasses in which alumina was substituted molecularly for lime, the vis- 
cosity of the melts at 1400° showed increased viscosity, the increase being practically 
proportional to the molecular proportion of alumina both at 1400° and at 1200°. Below 
1200° the substitution of 0.1 lime by 0.1 magnesia caused a decreased viscosity so that 
at 1000° and 800° there was a distinct minimum value on the viscosity composition 
curve. Like magnesia, alumina has a pronounced effect in rendering the rate of in- 
crease of viscosity with falling temperature more uniform. 


TESTS OF IMPURE WATERS FOR MIXED CONCRETE! 
By Durr A. ABRAMS 

Strength tests of Portland cement concrete were made at ages of 3 days to 2'/; 
years using mixing waters of a wide range of types, many of which were thought to be 
unsuitable for use in concrete. Sixty-eight samples of water were tested in two dif- 
ferent investigations; 52 samples were collected from different sections of the country; 
14 were from the Chicago district. Among the waters tested were sea and alkali waters, 
bog waters, mine and mineral waters, waters containing sewage and industrial wastes, 
and solutions of common salt. Tests of fresh waters (including distilled) were made 
for purpose of comparison. About 6000 tests are included in this report. Reference 
is made to a number of other investigations on related subjects. 

Series 137: 50 samples of water were used in 1—4 concrete of relative consistency 
1.10 and tested after curing under the following conditions: 

(a) Moist room tested at ages of 3 days to 2'/; yrs. 

(b) Moist room 28 days, then in air of laboratory, tested at 3 mo. to 2'/; yrs. 

Series 138: 18 samples including sewage and trade wastes from the Chicago dis- 
trict were used in concrete cured in moist room as follows: 

(a) 1-7, 1-5, 1-4, 1-3, and 1-2 mixtures; relative consistency 1.00, vested at 28 
days. 

(b) 1-4 concrete mix, relative consistency 0.90, 1.00, 1.10, 1.25, and 1.50, tested 
at 28 days. 


1 Paper before American Concrete Institute; Proceedings, 1924. 


NOTES AND NEWS 237 


(c) 1-4 concrete mix; relative consistency 1.00, tested at 3, 7, and 28 days, 3 mo., 
1 and 2!/; yr. 

(d) 1-3 standard sand mortar, tension tests of briquets and compression tests 
of 2 by 4-in. cylinders at ages given in (c). 

Concrete and mortar tests were made in accordance with standard methods. In 
general, 5 to 10 concrete specimens, and 5 mortar specimens were made in a set on dif- 
ferent days. 

Time of setting and soundness tests of cement were made with each sample of mix- 
ing water. 

The principal conclusions from these tests are: 


(1) In spite of the wide variation in the origin and type of the waters used, and 
contrary to accepted opinion, most of the samples gave good results in concrete. This 
result seems to be due to the fact that the quantity of injurious impurities present is 
quite small. The following samples gave concrete strengths below the strength-ratio 
of 85% which was considered the lower limit for acceptable mixing waters: acid waters, 
lime soak from tannery, refuse from paint factory, mineral water from Colorado, and 
waters containing over 5% of common salt. 

(2) The quality of a mixing water is best measured by the ratio of its 28-day 
concrete or mortar strength to that of similar mixes with fresh water. While the lowest 
permissible strength-ratio is a matter of judgment, waters giving strength-ratios which 
in general fall below 85% should be considered unsatisfactory; if only isolated tests 
are made, 80°% should be the limiting value. The time-of-setting test appears to be an 
unsafe guide as to the suitability of a water for mixing concrete. 

(3) Neither odor nor color are any indication of quality of water for mixing con- 
crete. Waters which were most unpromising in appearance, gave good results. It 
may safely be said, however, that any natural water which is suitable for drinking can 
be used without question for mixing concrete. 

(4) Distilled water gave concrete strengths essentially the same as other fresh 
waters. 

(5) Bog waters which were thought to be unsuitable for mixing concrete gen- 
erally contained only small quantities of foreign materials and gave good results. The 
strength-ratios for the individual samples were seldom below 90%. 

(6) Sulphate waters produced little or no ill effects until an SO, concentration 
of about 1% was reached. For a concentration of 0.5% the average reduction in 
strength was about 4%; a concentration of 1©% was required to produce a reduction in 
strength of more than 10%. 

(7) Concrete mixed with sea water (about 3.5°% salts, mostly sodium chloride) 
cured in the moist room gave higher strengths than fresh-water concrete at ages of 3 
and 7 days; at 28 days and over, the strength-ratios for sea water ranged from 80 to 
88%. Air-cured concrete mixed with sea water was lower in strength than similar 
fresh-water concrete at 3 mo., but showed a recovery iu strength at later ages and gave 
strengths equal to that obtained with fresh water. (In spite of the satisfactory strength 
results, it seems unwise to use sea water in reinforced concrete construction, particularly 
in the tropics on account of danger of corrosion of reinforcement. ) 

(8) Synthetic sea water gave concrete and mortar strengths similar to natural 
sea water. 

(9) Concrete mixed with water from the Great Salt Lake (about 20° sodium 
chloride) gave strength-ratios from 65 to 77% at ages of 28 days and over. This 
water is not satisfactory for mixing concrete, unless allowance is made for about 30°) 
reduction in the assumed strength. 
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(10) Water from Devil’s Lake, North Dakota (0.15% sodium sulphate and 0.15% 
sodium chloride), gave normal concrete strengths and showed no ill effects. 

(11) Water from Medicine Lake, South Dakota (3.5% solution of sulphates, 
largely magnesium; SO, concentration 2.8%), gave strengths similar to that obtained 
with sea water. The lower strength-ratio was 84%. 

(12) Waters from drains and small streams in sulphate districts gave satisfactory 
strengths at ages up to 2'/s; yrs. The lowest strength-ratios were about 90%. 

(13) Concrete made with solutions of common salt and cured until test in a moist 
room showed a slight increase in strength at 3 days for solutions of 10% and less. Solu- 
tions of low concentration (1 and 2%) also showed a slight increase in strength at 7 
days; after 7 days, however, all concentrations gave material reductions in strength. 
Strength-ratios as low as 60% were found for a 20% solution at early ages and for 10% 
and 15% solutions at the later ages. 

Concrete made with salt solutions and cured in the moist room for 28 days, then 
in air, gave results at 3 mo. almost identical with that obtained for moist-room curing. 
For this curing condition, the addition of salt reduced the strength at 1 yr. about 12%; 
at 2'/; yrs. there was no reduction in strength. The apparently conflicting results for 
moist-room and air-curing have not been explained. 

(14) The use of common salt for the purpose of lowering the freezing point of 
the mixing water during cold weather should not be permitted; 5% of salt lowers the 
freezing point of water about 6° F, but reduces the strength of concrete about 30%. 

(15) Mine and mineral waters gave good results in concrete, with the exception of 
a carbonated mineral water from Colorado which gave strength-ratios as low as 80%. 
Pumpage waters from coa] and gypsum mines also gave good results in concrete. 

(16) Water containing sanitary sewage gave essentially the same concrete strength 
as fresh water. Water from the Illinois River, which carries sewage from Chicago, 
gave strength-ratios at 28 days and 3 mo. of 83 and 85% for moist-room curing; for 
air-curing strength-ratios ranged from 92 to 102%. 

(17) Waters containing refuse from oil refineries gave erratic strengths. These 
samples generally gave strengths near normal, but in some cases material reductions 
in strength were found. Setting time of cement with one water sample was: initial 
10 hrs., final 42 hrs. 

(18) “Bubbly Creek” water, which is highly polluted with wastes from the 
Chicago Stockyards and gave off an offensive odor showed strength-ratios of about 
100% for all ages, mixes and consistencies. 

(19) ‘Tannery wastes generally gave reductions in concrete strength; the lowest 
strength-ratios were about 80% (lime soak water). 

(20) Brewery and soap works wastes gave concrete strengths essentially the same 
as that of fresh water. 

(21) Waste from a gas plant and a corn products factory gave good results; the 
strength-ratios ranged from 90 to 100%. 

(22) Paint factory waste water gave strength-ratios ranging from 80 to 90%. 

(23) A spent plating bath containing sulphuric acid, after dilution to 10 and 20% 
of its original concentration, gave strength-ratios as low as 85% for the 10% solution 
and 74% for the 20% solution. For different consistencies both solutions gave about 
the same strength-ratios which ranged from 88% to 106%. Lower strength-ratios 
were obtained with the rich concretes than with the lean. 

(24) ‘The strength of concrete mixed with all samples of impure waters showed 
normal increase at 28 days with additional quantities of cement. The impure waters 
gave about the same strength-ratios regardless of the mix used in the concrete tests. 
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For the usual range in mixtures (1-5 to 1-4) the strength increased about 1% for each 
1% additional cement. 

(25) There was a marked reduction in strength of concrete with increase in 
quantity of mixing water both for fresh and impure waters. Increasing the quantity 
of mixing water 1% reduced the strength of concrete about the same amount as if the 
quantity of cement were reduced 1%. A comparatively slight increase in quantity of 
mixing water produced a greater reduction in concrete strength than that caused by 
the use of the most polluted mixing water that is ordinarily encountered. These tests 
show the importance of the water-ratio strength relation in concrete which has been 
pointed out in numerous other reports from this Laboratory. 

(26) The effect of impure waters was in general independent of the consistency 
of the concrete. Acid waters from a spent plating bath gave somewhat higher strength- 
ratios in the wetter concretes. 

(27) ‘The strength of concrete cured in a damp condition at normal temperatures 
increased with age for both fresh and impure waters. The strength was approximately 
proportional to the logarithm of the age at test. 

(28) The effect of impure mixing waters on the tensile and compressive strength 
of 1-3 standard sand mortar at ages of 3 days to 2!/; yrs. was generally similar to that 
on the compressive strength of concrete. In the mortar tests a few waters gave some- 
what higher strength-ratios and one water gave a somewhat lower strength-ratio than 
was obtained in concrete. 

(29) The percentage of water required for normal consistency of cement when 
mixed with the impure waters was, with few exceptions, about the same as for fresh 
waters. Water from Great Salt Lake, solutions of 5 to 20% of common salt, refuse from 
an oil refinery, Medicine Lake water, and acid water from a spent plating bath, re- 
quired somewhat higher percentages for normal consistency than fresh water. 

(30) The time of setting of portland cement mixed with the impure waters was 
about the same as for fresh waters, however, there were some notable exceptions. In 
most instances the samples giving low concrete strength-ratios were slow setting. On 
the whole the tests show that time of setting is not a satisfactory test for suitability of 
a water for mixing concrete. 

(31) None of the impure waters caused unsoundness of the portland cement when 
subjected to the standard test over boiling water. 

(32) Most specifications for water for mixing concrete are so worded that they 
would, if strictly enforced, exclude nearly all but rain water and distilled water; these 
tests have shown that almost any impurity may be present without necessarily produc- 
ing ill effects. The important point is not whether impurities are present, but do the 
impurities occur in injurious quantities? 

(33) The effect of sugar and similar ‘compounds were not studied; earlier tests 
have shown that these compounds are most detrimental and must be avoided. 
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“SCIENCE IN INDUSTRY,” RADIO PUBLICATION ISSUED 


The University of Pittsburgh has recently issued a pamphlet entitled “‘Science in 
Industry” consisting of a series of seven radio talks which were delivered during the 
winter. Among those who participated in these addresses for the radio were E. Ward 
Tillotson, Assistant Director, Mellon Institute and President of the AMERICAN CERAMIC 
SocrEty, whose subject was ““Glass’” and MacDonald C. Booze, Senior Industrial Fellow 
and member of the Socrety who talked on “Clay Products.” The other addresses in 
the pamphlet are “‘Science in Industry” by Edward R. Weidlein, Director of Mellon 
Institute; “Iron and Steel” by Stephen L. Goodale, Professor of Metallurgy; “Natural 
Gas” by James B. Garner, Senior Industrial Fellow, Mellon Institute; “Petroleum” 
by Warren Fred Faraghen, Head of Dept. of Petroleum Refinery Technology, School 
of Mines; “Coal and Coke’’ by Frederick W. Speer, Jr., Advisory Fellow, Mellon In- 
stitute. 

A Select Bibliography is appended to each address and William A. Hamor, Assis- 
tant Director of Mellon Institute writes the Introduction. Copies of this publication 
may be obtained for 60 cents per copy. 


CALENDAR OF CONVENTIONS 


Organization Date Place 

Am. Assn. Advancement of Science Dec. 28-Jan. 2 Kansas City, Mo. 
Am. Assn. of Flint and Lime Glass 

Mfrs. July, 1925 Atlantic City, N. J. 
AMERICAN CERAMIC SOCIETY 

(Annual Meeting) Feb. 8-13, 1926 Atlanta, Ga. 

(Summer Meeting) July 4-11, 1925 Toronto, Canada 

(Fall Meeting) Oct. 1, 1925 New York City 
Am. Electrochemical Soc. Sept. 24-26, 1925 Chattanooga, Tenn. 
Am. Engineering Council Jan., 1926 
Am. Foundrymen’s Assn. Oct. 5-9, 1925 Syracuse, N. Y. 
Am. Gas Assn. Oct. 12-16, 1925 Atlantic City, N. J. 
Am. Inst. of Chem. Engrs. June 22-25, 1925 Providence, R. I. 

July 13-16, 1925 Leeds, England 

Am. Inst. of Min. and Met. Engrs. Aug. 31-Sept. 5, 1925 Salt Lake City, Utah 
Am. Iron and Steel Inst. May 22, 1925 New York, N. Y. 
Am. Mining Congress May 25-29, 1925 Cincinnati, O. 
Am. Soc. of Mechanical Engrs. 

(Spring Meeting) May 18-21, 1920 Milwaukee, Wis. 

(Annual Meeting) Nov. 30-Dec. 3, New York City 

(Pacific Coast Regional Meeting) June 22-25, 1925 Portland, Ore. 
Am. Soc. for Testing Materials June 22-26, 1925 Atlantic City, N. J. 
Am. Zinc Institute April 27-28, 1925 St. Louis, Mo. 
Assn. Iron and Steel Elec. Engrs. Sept., 1925 Philadelphia, Pa. 


Chemical Equipment Exposition June 22-27, 1925 Providence, R. I. 
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Organization 

Common Brick Manufacturers Assn. 
Glass Container Assn. 
Institution of Chemical Engineers 
Manufacturing Chemists’ Assn. 
Mining and Met. Society of America 
Natl. Assn. of Mfrs. 
Natl. Assn. of Stove Mfrs. 
Natl. Chemical Equipment Assn. 
Natl. Exposition of Power and Me- 

chanical Engrs. 
Natl. Lime Assn. 
Natl. Exposition of Chem. Industries 
Natl. Ornamental Glass Mfrs. Assn. 
Natl. Paving Brick Mfrs. Assn. 
Natl. Safety Council 
Natural Gas Assn. 
New Jersey Clay Workers Assn. 
Sand-Lime Brick Assn. 
Sheet Metal Ware Assn. 
Soc. of Chem. Industry 
Taylor Society 


Date 
Feb., 1926 


NOTES AND NEWS 


April 30—May 2 


July 13-16 
June, 1925 


, 1925 


26 


Jan. 12, 19: 


Oct. 26-28, 1925 


May 13-14 


99 


June 22-27 


, 1925 


Nov. 30—Dec. 5 
May 26-29, 1925 
Sept. 28—Oct. 3 
June 4, 1925 


Jan., 1926 


Sept. 28—Oct. 2 


May 18-21 
June, 1925 
Feb., 1926 
June, 1925 


July 13-16, 


May 14-16 


, 1925 


1925 


, 1925 


Place 


Atlantic City, N. J. 
Leeds, England 
New York City 
New York City 
St. Louis, Mo. 
New York City 
Providence, R. I. 


New York City 

Briarcliff Manor, N. Y. 
New York City ' 
Pittsburgh, Pa. 


Cleveland, O. 
Atlantic City, N. J. 
Trenton, N. J. 

New Orleans, La. 
Cincinnati, O. 
Leeds, England 
Ann Arbor, Mich 


_ 
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AMERICAN CERAMIC SOCIETY 


LARGE CANADIAN ENAMELING PLANT 
USING BATTERY OF 
U. S. ROTARY ENAMEL SMELTING FURNACES 


Te SHEET METAL Propucts Co. ? 


wont meas Tor now ro 
am 


| STEEL COPPER and wanes 
| 

The U.S.Smelting Purmace Co. 

Belle 

hi. 0.3.4 

Gentlemen: - 


Please quote us on Linings for #4 B 

have using your Smelting to 
very good advantage for some years 

Years of 

Producing very unifore frite for oar nameled 
saving considerable in labour fee they bave Efficient Service 
been found very we are gl make this | 
of bey beve 4 valuable on 
te an up to date Plant. 


Very Uniform 
Frits at a Saving 


| THR SHEST METAL PRODUCTS CO. OF Casa LONI TED | in Fuel, Labor 
and Time 
mg agent. 


D. 


Yours very traly, 


| A Valuable 
Addition 
SIZES AND CAPACITIES 
No.1 No, 2 No. 3 No. 4 No. 4-B 


60 Ib. 150 Ib. 350 Ib. 750 Ib. 1200 Ib. 
Description, Photographs, Specifications and Prices Mailed Promptly. 


THE U. S. SMELTING FURNACE CO. 


BELLEVILLE, ILLINOIS, U.S. A. 
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A 


Air Compressors 
General Electric Co. 


Alumina (Hydrate and Calcined) 
Pennsylvania Salt Mfg. Co. 


Alundum (Refractory Products) 
Norton Co. 


Auger Machines 
Chambers Brothers Co. 


Automatic Cutters 
Chambers Brothers Co. 


Automatic Stove Rooms 
Philadelphia Drying Machinery Co. 


Automatic Temperature Control 
Brown Instrument Co. 
Chas. Engelhard, Inc. 


B 


Ball Mills 
Hardinge Co. 
McDanel Refrac. Porcelain Co. 
Mueller Machine Co., Inc, 


Batts (Alundum-Crystolon) 
Norton Co. 


Bitstone 
Potters Supply Co. 


Bituminous Coal 
Seaboard Fuel Corp. 


Blocks (Refractory) 
Norton Co. 


Boats, Combustion 
Norton Co. 


Borax 
American Trona Corp. 
Innis, Speiden & Co. 


Boric Acid (Crystal, Granular or Powder) 


American Trona Corp. 
Innis, Speiden & Co. 


Brick Making Machinery 
Chambers Brothers Co. 


Bricks (Refractory-Alundum-Crystolon) 
Norton Co. 


Burners (Oil) 
Best, W. N. Corp. 


C 


Carbonates (Barium-Lead) 
Innis, Speiden & Co. 
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Caustic Soda 
Pennsylvania Salt Mfg. Co. 


Cements 
Norton Co. 


Ceramic Chemicals 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Metal & Thermit Corp. 
Paper Makers Importing Co., (Inc.) 
Roessler and Hasslacher Chemical Co. 
Titanium AHoy Mfg. Co. 
Vitro Mfg. Co. 


Ceramic Plant Equipment 
Ceramic Engineering Co. 
Chambers Brothers Co. 
Mueller Machine Co., Inc. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc, 


Clay (Ball) 
Paper Makers Importing Co. 
Potters Supply Co. 
United Clay Mines Corp. 


Clay (China) 
Drakenfeld and Co., B. F. 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
Roessler & Hasslacher Chemical Co 
United Clay Mines Corp. 


Clay (Electrical— Porcelain) 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 


Clay (Enamel) 
Edgar Brothers Co. 
Paper Makers Importing Co. 
Metal & Thermit Corp. 
United Clay Mines Corp. 
Vitro Mfg. Co. 


Clay (Fire) 
Edgar Brothers Co 
Paper Makers Importing Co., (Inc.) 
Potters Supply Co. 
United Clay Mines Corp. 


Clay (Potters) 
Paper Makers Importing Co. 
United Clay Mines Corp. 


Clay (Sagger) 
Edgar Brothers Co 
Paper Makers Importing Co., (Inc.) 
Potters Supply Co. 
United Clay Mines Corp. 


(J 
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A new catalog! 
Ask for your copy 


If you are a regular or prospective 
user of wire cloth you should have 
a copy of this new 64-page catalog. 
It includes information with price 
lists on:—Double Crimped Heavy 
Steel Wire Screens—Regular Coal 
Screens—Steel Wire Cloth — Bran 
Duster Grade of Cloth—Tinned Mill 
Screen Cloth—Brass, Copper and 
Bronze Wire Cloth—Market Grade 
Brass and Copper Wire Cloth— Ex- 
tra Fine Phosphor Bronze Wire Cloth 
—Newark Metallic Filter Cloth— 
Uses of Monel Metal — U. S. Stand- 
ard Testing Seives—Foundry Riddles 
and Dipping Baskets—and in the 
back are useful tables. 


NEWARK WIRE CLOTH CO. 
355-369 Verona Ave., Newark, N. J. 


All about Wire Cloth 66 


Cambridge, Mass. 


THREE ELEPHANT BORAX 


99.5% Pure = 


We also make Boric Acid, guaranteed 99.5% pure. 
Write us for specifications and price 


AMERICAN TRONA CORPORATION 
WOOLWORTH BLDG. NEW YORK CITY 


Sole Importers 
GENUINE 


GREENLAND KRYOLITH 


Manufacturers of 


NATRONA 
HYDRATE and OXIDE ALUMINA 


Acids, Caustic Soda, Alum, Bleaching Powder, 
Liquid Chlorine, Salt Cake. 


PENNSYLVANIA SALT MANUFACTURING COMPANY 


Executive Offices: Works: Philadelphia and Natrona, Pa. Representatives: 
Philadelphia, Pa. Wyandotte and Menominee, Mich. New York Chicago 
Pittsburgh St. Louis 
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Clay Handling Machinery 
Hadfield- Penfield Steel Co. 
Mueller Machine Co., Inc. 


Clay Miners 
Edgar Brothers Co. 
Paper Makers Importing Co., (Inc.) 
United Clay Mines Corp. 


Clay (Wad) 
Paper Makers Importing Co., (Inc). 
Potters Supply Co. 


Clay (Wall Tile) 
Paper Makers Importing Co., (Inc). 
United Clay Mines Corp. 


Clay Washing Machinery 
Mueller Machine Co., Inc. 


Clay Working Machinery 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Cloth (wire) 
Newark Wire Cloth Co. 


Coal- (Bituminous) — 
Seaboard Fuel Corp. 


Colors 
Drakenfeld and Co.. B. F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Conditioning Machinery 
Philadelphia Drying Machinery Co. 
Proctor & Schwartz, Inc. 


Cones (Filter) 
Norton Co. 


Conical Mills 
Hardinge Co. 


Controllers 
General Electric Co. 


Conveyors (Clay, Sand, Brick, etc.) 
Hadfield-Penfield Steel Co. 
Philadelphia Drying Machinery Co. 
Mueller Machine Co., Inc 


Controllers, (Automatic Temperatures) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
Wilson-Maeulen Co., Inc. 


Cores (Alundum Furnace) 
Norton Co. 


Cornwall Stone 
Pennsylvania Pulverizing Co. 


Crucibles (Filter-Melting-Ignition) 
Norton Co. 
Potters Supply Co. 


Crushers 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


.D 


Decorating Supplies 
Drakenfeld and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 


Roessler and Hasslacher Chemical Co. 


Vitro Mfg. Co. 


Discs (Alundum-Porcous-Filter) 
Norton Co, 


Dishes (Alundum-Filtering-Ignition) 
Norton Co. 


Disintegrators 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Dolomite 
Innis, Speiden & Co. 


Dryers (China Ware—Porcelain) 
Ceramic Engineering Co. 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


Drying Machinery 
Philadelphia Drying Machinery Co. 
Proctor and Schwartz, Inc. 


E 


Electrical Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 


Electric Co: Meters 
Brown Instrument Co. 
Engelhard Chas., Inc. 


Electrical Porcelain Machinery 
Mueller Machine Co., Inc. 


Enameling Equipment, Complete 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 


(When writing to advertisers, please mention the JOURNAL) 
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Special for Glassmakers and Potters 


GREEN 
OXIDE OF CHROME 


in variety of shades 


Guaranteed to contain no Free Sulphur 


nor Sulphides 


B. F. DRAKENFELD & CO., INC. 


50 Murray Street, New York 


’ ? 
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Enameling Furnaces 


Combustion Utilities Corp. 

Ferro Enamel Supply Co. 

General Electric Co. 

Holcroft & Co, 

Surface Combustion Co. 

The Carborundum Co. 
(Carboradiant) 

The Porcelain Enamel & Mfg. Co. 

U. S. Smelting Furnace Co. 

Vitro Mfg. Co. 


Enameling Furnaces (Electric) 
General Electric Co. 


Enameling Muffies 
Parker-Russell Mining & Mfy. Co. 
The Carborundum Co. 
(Carbofrax) 


Enameling, Practical Service 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Enamels, Porcelain 


Chicago Vitreous Enamel Product Co. 


Ferro Enamel Supply Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Engineering Service _ 
Ceramic Engineering Co. 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Tefft, C. Forrest 


Equipment (Porcelain Enameling) 
The Porcelain Enamel & Mfg. Co. 


Extruding Machines (Lab. Use) 
Chambers Brothers Co. 


F 


Feldspar 
Cummings, J. W. 
Drakenfeld and Co., B. F. 
Eureka Flint & Spar Co. 
Harshaw, Fuller and Goodwin Co. 
Innis, eaten & Co. (Isco) 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 
Roessler & Hasslacher Chemical Co. 


Filtering Machinery 
Mueller Machine Co., Inc. 


Fire Brick 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. 


Chicago Vitreous Enamel Product Co. 


Flint 
Eureka Flint & Spar Co. 
Innis, Speiden & Co. (Carrara) 
National Silica Co. 
Pennsylvania Pulverizing Co. 


Frit 
Ferro Enamel Supply Co 
Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Fuel 
Seaboard Fuel Corp. 


Furnaces 
Chicago Vitreous Enamel Product Co. 
Combustion Utilities Corp. 
Ferro Enamel Supply Co. 
Holcroft & Co. 
Parker-Russell Mining & Mfg. Co. 
The Carborundum Co. (Carboradiant) 
The Porcelain Enamel & Mfg. Co. 
The Surface Combustion Co. 
U.S. Smelting Furnace Co. 


Furnaces (Electrical) 
Engelhard, Chas., Inc. 
General Electric Co. 
Holcroft & Co. 


G 


Glazes and Enamels 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Gold 
Drakenfeld, and Co., B. F. 
Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co, 
Vitro Mfg. Co. 


H 


Hearths 
The Carborundum Co. 
(Carbofrax heat treating) 


Hygrometers (electric) 
Engelhard, Charles, Inc. 


I 


Impervite (Refractory and Hard Porcelain 
Engelhard, Charles, Inc. ) 


Infusorial Earth 
Innis, Speiden & Co. 


Iron (Enameling) 
American Rolling Mill Co. 
The Mansfield Sheet & Tin Plate Co. 
United Alloy Steel Corp. 
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Looking ahead 
in business 


his label has a cash value. It will work for you 
—help sell your products—and never ask for pay. 
pRANCO-NGOT pp, Hundreds of thousands of buyers have learned 
ThePurest Iron Made’ through our National Advertising, that the ARMCO 
—e label is a mark of quality. Whenever they buy 
enameled products they look for the blue and gold 

label. 


If you are not already putting the ARMCO identifi- 

‘ cation labels on the products you make entirely or in 
ingot Iron = nart of ARMCO Ingot Iron, begin doing it now. : 
It is one of the most effective methods of increasing 


your volume of sales. 


THE AMERICAN ROLLING MILL CoO. 
MIDDLETOWN, OHIO 


The ARMCO International Corporation 
Cable Address—ARMCO, Middletown 


| The American Rolling Mill Co. 

Fill out and : Middletown, Ohio 

mail the | Send me......... blue and gold labels. 

of ARMCO 

' 
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J 


Jiggers 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


K 


Kaolin 
Edgar Plastic Kaolin Co, 
Harshaw, Fuller and Goodwin Co. 
Roessler & Hasslacher Chemical Co. 
United Clay Mines Corp. 


ilns 
Holcroft & Co. 


Kryolith 
Pennsylvania Salt Mfg. Co. 


L 


Linings (Furnace-Refractory Block-Refrac- 
tory Plate, Brick and Tile) 
Norton Co. 
The Carborundum Co. 


M 


Magnesite 
Innis, Speiden & Co. 


Manganese 
y-Grade Manganese Co. 


Metals (Porcelain Enamelin ) 
American Rolling Mill 


The Mansfield Sheet & Tin Plate Co. 


United Alloy Steel Corp. 


Mills (See under Ball Mills 
(See under Pebble Mills) 


Minerals 

Drakenfeld and Co., B. F. 

Harshaw, Fuller and Goodwin Co. 
Roessler and Hasslacher Chemical Co. 
Vitro Mfg. Co. 


Mix Machines 
Chambers Brothers Co. 


Muffies (Furnace) 
Norton Co. 
The Carborundum Co. (Carbofrax) 


Muriatic Acid 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 


N 


Nitrates (Cobait, Sodium) 
Innis, Speiden & Co. 
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Oil Burners 
Best, W. N. Corp. 


Opacifiers 
Titanium Alloy Mfg. Co. 


Operators (Coal) 
Seaboard Fuel Corp. 


Oxides 
Drakenfeld and Co., F. 
Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 
Paper Makers Importing Co., (Iuc.) 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
Titanium Alloy Mfg. Co. 
Vitro Mfg Co. 


P 


Pans (Wet and Dry) 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 


Pebble Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 
Mueller Machine Co., Inc. 


Pins 
Potters Supply Co. 


Placing Sand 
Pennsylvania Pulverizing Co. 
National Silica Co 


Plate Feeders 
Chambers Brothers Co. 
Hadfield-Penfield ‘Steel Co. 


Plates (Filter) 
Norton Co 


Porcelain Enameling Service, Practical 
Chicago Vitreous Enamel Product Co. 
Ferro Enamel Supply Co. 

The Porcelain Enamel & Mfg. Co. 
Vitro Mfg. Co. 


Porcelain Enamels 
Chicago Vitreous Enamel Product Co 
The Porcelain Enamel & Mfg. Co 
Vitro Mfg. Co. 


Potash (Carbonate) 
Innis, Speiden & Co. 


Pottery Machiner 
Hadfield- Penheld Steel Co, 
Mueller Machine Co., Inc, 
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The TITANIUM ALLOY 
MANUFACTURING COMPANY 


Niagara Falls, N. Y. 
announces 


ROBERT D. LANDRUM 
GENERAL MANAGER 


CERAMIC MATERIALS DEPARTMENT 


in complete charge of sales and service specializing 


| on the technical applications of 


OPAX 


which in Mr. Landrum’s judgment is 
“THE ULTIMATE OPACIFIER” 


Temporary Address 
Robert D. Landrum, General Manager, 


Ceramic Materials Department, 


THE TITANIUM ALLOY MFG. CoMPANY 


6007 Euclid Avenue, 
Cleveland, Ohio. 
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Pug Mills 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co, 
Mueller Machine Co., Inc. 


Pulverizing Machinery 
Hadfield- Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pulverizing Mills 
Hadfield-Penfield Steel Co. 
Hardinge Co. 

Mueller Machine Co., Inc. 


Pumps 
Mueller Machine Co., Inc. 


Pyrometers (Indicating) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 


Pyrometers (Recording) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 


Pyrometer (Switches) 
Brown Instrument Co. 
Engelhard, Chas. Inc. 


Pyrometer Tubes (Refractory and Hard 
Porcelain) 
Brown Instrument Co. 
Engelhard, Charles, Inc. 
McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


R 


Recording Instruments 
Brown Instrument Co. 
Engelhard, Charles, Inc. 


Recuperators 
The Surface Combustion Co. 


Refractories 
Norton Co 
The Carborundum Co. 


Refractory Materials 
Parker-Russell Mining & Mfg. Co. 


Regulators (Automatic Temperatures) 
Brown Instrument Co 
Engelhard, Charles, Inc. 


S 


Saggers 
The Carborundum Co. 
Norton Company 
Potters Supply Co. 


Sagger Presses 
Chambers Brothers Co. 
Hadfield-Penfield Steel Co. 
Mueller Machine Co., Inc. 
Watson-Stillman Co. 


Screens 
Newark Wire Cloth Co. 


Selenite of Sodium 
Drakenfeld and Co., B. F. 
Vitro Mfg. Co. 


Shippers (Coal) 
Seaboard Fuel Corp. 


Silica Brick 
Parker-Russell Mining & Mfg. Co. 


Silex Lining 
Hardinge Co, 


Sillimanite (Synthetic) 
Norton Co. 


Slabs (Furnace) 
Norton Co. 


Smelters 
Ferro Enamel Supply 
Parker-Russell Mining Mfg. Co. 
The Surface Combustion Co. 
U. S. Smelting Furnace Co. 


Soda Ash 
Innis, Speiden & Co. 


Sodium Antimonate 
Metal & Thermit Corporation 
Vitro Mfg. Co. 


Sodium Fluoride 
Innis, Speiden & Co. 


Spar 
Eureka Flint and Spar Co. 
Maine Feldspar Co. 
Pennsylvania Pulverizing Co. 


Spurs 
Potters Supply Co. 


Stilts 
Potters Supply Co. 


Sulphuric Acid 
Drakenfeld and Co., B, F. 
Harshaw, Fuller and Goodwin Co. 
Pennsylvania Salt Mfg. Co. 
Roessler and Hasslacher Chemical Co. 
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“A [URRICAN E” Dryers 


Ware 
(in Moulds or Dipped) 


Spark Plugs—Tiles 
Electrical Porcelain 
Saggers, etc. 


Quick Drying 
Better Quality at Less Cost 
Greater Capacity 


Truck Dryers and 


Continuous Conveyor 
- Dryers 
“HURRICANE” Mangle 


THE PHILADELPHIA DRYING MACHINERY COMPANY 


Philadelphia, 
Pa. 


Stokley Street above 
Westmoreland, 


IURRIC C 

iN 
New England Agency: 
Hurricane Engineering Co, 
53 State St., Boston, Mass. 


Canadian Agents: 
Whitehead, Emmans, Lid. 
Montreal 


After an exhaustive study of the requirements of the Enameling 
Industry we are producing: 


WABIK METAL 
SPECIAL VITREOUS ENAMELING 
SHEETS 


Unlike ordinary steel sheets, warping and blistering is reduced 
to a minimum, thus increasing the Enameler’s output and profit. 


Many of the leading plants now recognize ‘‘WABIK METAL” 
as the supreme stock for that beautiful permanent lustre which 
is so essential in Table Tops, Stove Parts, Refrigerator Parts, 
Signs, etc. 


THE MANSFIELD SHEET & TIN PLATE CO. 
MANSFIELD, OHIO 
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Tachometers 
Brown Instrument Co. 


Talc 
Innis, Speiden & Co. 


Temperature Instruments (Measuring) 
Brown Instrument Co. 
Engelhard Charles, Inc. 


Thermocouples 
Brown Instrument Co. 
Engelhard, Chas. Inc. 


Thermometers (Electric Resistance) 
Brown Instrument Co. 
Engelhard Charles, Inc. 


Thimbles (Filtering Extraction) 
Norton Co. 


Tile Machinery (Floor and Wall) 
Mueller Machine Co., Inc. 


Titanium 
Titanium Alloy Mfg. Co. 


Tubes (Insulating) 
Engelhard, Chas. Inc. 
McDanel Refractory Porcelain Co. 


Montgomery Porcelain Products Co 


Tubes (Pyrometer) 


Brown Instrument Co. 

Engelhard Charles, Inc. 

McDanel Refractory Porcelain Co. 
Montgomery Porcelain Products Co. 


V 


Vacuum Pumps 


Mueller Machine Co., Inc. 


W 


Wet Enamel 


Ww 


The Porcelain Enamel & Mfg. Co. 
Ferro Enamel Supply Co. 
Vitro Mfg. Co. 


Drakenfeld and Co., B. F 


Harshaw, Fuller and Goodwin Co. 
Innis, Speiden & Co. 


Roessler and Hasslacher Chemical Co. 


Witherite 


Innis, Speiden & Co. 


Z 


Zirconia 


Titanium Alloy Mfg. Co. 
Vitro Mfg. Co. 
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Another New Kaolin Clay Plant 


for Wilkinson County, Georgia 


The new plant of the Akron Pigment Company at McIntyre, Georgia, represents 


another important step in the commercial development of the vast clay resources of the 
Coastal Plain of Georgia. 

This plant was especially designed to produce an ultra-fine clay which would meet the 
most exacting requirements of the filler trades. Equipment is the last word in mach- 
inery for wet grinding, and the very latest scientific methods of refining and classifying 
‘are being employed. The Harshaw, Fuller & Goodwin Company, Cleveland, Ohio, are 


sales agents. 


Wilkinson County produces 65% of the clays 
mined in Georgia. Deposits here are sufficient 
to supply the needs of the fire brick, face brick, 
whitewares, oil cloth, rubber, paper and other 
industries for the next 600 years. There is a 
variety great enough to meet almost any indus- 
trial need. 

From a single inactive mine in this district about 
12 vears ago, there has been developed in Wilkin- 
son Country a prosperous group of mines, re- 
fineries, and brick plants, whose products are 
being shipped in large quantities to all parts of 
the country for use in the manufacture of tile, 
rubber, porcelain, whiteware, pottery, refractories, 
paper, textiles, sanitary ware, etc. 


Yet Wilkinson County is only one of fifteen 
counties in the great clay belt of Georgia through 
which the Central of Georgia Railway operates 
The vast deposits in this region cover about 
10,000 square miles and are the most extensive 
in Eastern United States. They are mainly 
surface deposits and easy to mine at low cost. 

The commercial values of many of the clays of 
the Coastal Plain of Georgia have been tested 
by the Central of Georgia Railway in coopera- 
tion with the U. S. Bureau of Mines. Some of 
these raw materials have been found to be su- 
perior to commercial brands for a number of uses 
Full details concerning the research work done 
and test made are available to those interested 


WRITE FOR ANY OF THESE BOOKLETS 


Directory of Commercial Minerals in Georgia 
and Alabama along the Central of Georgia Rail- 
way.—Refractory Possibilities of Some Georgia 
Clays.—Washing Tests of Georgia Clays.— 
Georgia Clays for Paper Fillers —Georgia Clays 
for Rubber Fillers.—Use of Sedimentary Kaolins 


of Georgia in Whitewares.—Kaolin and Re- 
fractory Clay Deposits in Wilkinson Co., Ga 
Utilization of Georgia Kaolins in the manufacture 
of Face Brick.— Distribution of Kaolin and Baux- 
ite of the Coastal Plain of Georgia. 


American Ceramic Society Annual Convention Atlanta, February 8-13th, 1926. 


Central of Georgia Railway 


J.M. MALLORY 


GeneralIndustrial Agt. GEORGIA 


CENTRAL 233 West Broad Street 


Savannah, Ga. 
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WHO 
DO 
YOU 
TRY 


TO 
REACH 


with your advertising? The kiln burner or the en- ' 
gineer in charge of the plant? The readers of the | 
Journal make up the greater number of the engi- 
neers with whom you want to get in touch. By 
using Journal advertising space it identifies you 
and your product as being worthy. The trust 


placed in you by Journal readers means increased 


sales. 


Advertising Department 


American Ceramic Society 
Lord Hall, O.S. U. Columbus, Ohio. 


(When writing to advertisers, please mention the JOURNAL) 


| 
| 
| 


AMERICAN CERAMIC SOCIETY 19 


ALPHABETICAL LIST OF ADVERTISERS 


Pack 
Pennsylvania Pulverising CO... 26 
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CLASSIFIED ADVERTISING 
Professional Services 
WANTED—A chemist with experience 
in the porcelain enameling industry. 
Applicant must be able to analyze raw 
materials and do development work in 
the field of new enamels. Company en- i 
1] gaged in porcelain enameling both sheet 
metal and cast iron. Excellent oppor- 
tunity for one with initiative and ability. 
Give full details of experience. Box 120, 
American Ceramic Society, Lord Hall, 
O. S. U., Columbus, Ohio. 
The Research Department of a large 
eastern gas company wantsa cncheclealiie 
trained man to make tests of refractory 
material. Excellent opportunity and 
future for a studious and ambitious 
oung man able to make good. Must 
ave good address and physique. In re- 
ply give full particulars and salary de- 
sired. ox 3101, American Ceramic 
Society, Lord Hall, O. S. U., Columbus, 
Ohio. 
3 
The Journal of the Society of Glass Technology 
A quarterly Journal containing original papers and abstracts 
of papers covering the whole field of Glass Technology. 
ANNUAL SUBSCRIPTIONS TO SOCIETY (Including Journal) 
Price per Number to non-Members.........-0-scseeccccceeeececssasesesssseees $ 2.50 
Price per volume (unbound) to non-Membefs.........0-seecceccccececceeeececes $ 9.00 
Forms of application for membership may be obtained from the American Treasurer of the 
Society, Mr. Wm. M. Clark, Ph.B., Nela Park, Cleveland, Ohio. 
Address and inquiries to: The Secretary, Society of Glass Technology, The 
University, id, 
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A FERRY BOAT IS A >) | 
PASSENGER CARRIER, | 
but 


WHO WOULD CARE TO CROSS 
THE OCEAN IN ONE? 


So it is with Coals. All coals BURN 
(that’s what they’re for), but many 
coals are absolutely unfitted for the 
special requirements of the— 


CERAMIC AND CLAY 
PRODUCTS INDUSTRIES 


We are supplying coal regularly to 
mumerous Ceramic Plants and Pot- 
teries, all of whom advise us THAT 
THE REQUIREMENTS OF A GOOD 
KILN COAL ARE— 


Low Ash, Sulphur and Volatile, 
High Fusing Point and Non- 
Clinkering. 

As KILN COAL SPECIALISTS, WE 


ALWAYS SUPPLY THAT 
KIND OF COAL. 


South Broad St. Wc Broadway 
Philadelphia New York City 
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; THE PARKER RUSSELL CO. 


ST. LOUIS 


BUILDERS OF 
RO-MACK Enameling Furnaces 
HIGH TEMPERATURE FURNACES 
For all Purposes 


HIGH GRADE REFRACTORIES 


Pyrometer Tubes—Protection Tubes—Combustion Tubes 
McDanel Refractory Porcelain Company 
Beaver Falls, Pennsylvania 


UNUSUAL - SHAPES - OUR - SPECIALTY - 


HIGH GRADE 


| CLAYS 


OF EVERY KIND—FOR EVERY PURPOSE 
UNITED CLAY MINES CORPORATION TRENTON, N. J. 


Continuous Tunnel Kilns 
Vitreous Enameling Furnaces 


HOLCROFT & CO. 


6545 Epworth Blvd., Detroit, Mich. 


Thank You! 


Bob and the entire gang of Ferro Folks Thank You for making 
Last Month the Biggest Month in the history of our Company. 


4 1 = 


USE “‘HY-GRADE’’ MANGANESE 


for surface and body coloring. We pay special attention to our 
200 mesh powder that will not ‘‘Cat Eye”’ in glazes. 


We mine and very carefully prepare every pound of our own 
product. 


HY-GRADE MANGANESE COMPANY, Inc. 
WOODSTOCK, VIRGINIA. 
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If you want pyrometer protection tube satisfaction 
USE 


Montgomery Hard Porcelain P yrometer Lubes 
All Sizes and Lengths for either Platinum or Base Metal 
Couples 
The Best Liked and Most Largely Used 
Protection Tubes on the Market today 
If the manufacturer of your Pyrometer equipment cannot supply 


you, write us direct. TRADE MARK 


MONTGOMERY PORCELAIN PRODUCTS CO. 
FRANKLIN, OHIO, U. S. A. 10-22 


Brick Making Machines 


Crushers Grinders Mixers 
Automatic Cutters 


Chambers Bros. Co. 
Philadelphia Pa. 


owen STILLMAN SAGGER PRESSES 
MAKE BETTER SAGGERS 


at 


LOWER COST 


These Machines press 
saggers from solid wads 
ofclay. Our sagger dies 
have no joints to work 
loose or open under pres- 
sure, this insures a hom- 
ogeneous product and 
reduces to a minimum 
the losses in firing. 


Write for Balletins 
and fall information 


The Watson-Stillman Co. 


Showing a 50 Ton Sagger Press 
Oath Complete equipped with 28 DEY STREET, NEW YORK 
dies for making Elliptical Sagger. Chicago, McCormick Building 


Philadelphia, Widener Bldg. 


— — 
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The success which we are having in introducing 


VITROZIRCON 


as an opacifier in enamels leads us to believe that 
similar results can be obtained in the 


TERRA COTTA and TILE 


industries 
As a reliable substitute for TIN OXIDE this 


product merits attention. 


We respectfully invite inquiry 


VITRO MANUFACTURING CO. 


PITTSBURGH, PA. 


MAINE FELDSPAR COMPANY 
| Grinders of 
Mt. Apatite Spar 
Mills Main Office 
Auburn and Topsham, Maine Brunswick, Maine 


Sales Agents 
Charles M. Fransheim Co., Wheeling, W. Va. 


~~ 


—— 
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| 1816 1925 

CLAY | 
FELDSPAR | South Dakota 

FLINT |1/FELDSPAR 
KAOLIN | 


our own mills under 


constant and thorough 
chemical control. 


And kindred products Capacity up to 300 Tons Daily 


CHEMICALS 


“Over a Century of Service and Progress” 


We solicit your inquiries 


INNIS, SPEIDEN & CO., Inc. 


vertised in this Importers, Manufacturers, Exporters 
JOURNAL 46 CLIFF STREET NEW YORK 


can be profitably ad- 


Branches: 
BOSTON PHILADELPHIA CHICAGO 
CLEVELAND GLOVERSVILLE 


PENNSYLVANIA PULVERIZING CO. 


LEWISTOWN, PENNA. 


Pure Canadian Potash Feldspar 


Potters Flint Placing Sand 


SALES OFFICE 
323 Fourth Avenue 
Pittsburgh, Pa. 
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THE 
CERAMIC 
INDUSTRY’S 


The best Asset of the Ceramic Industry 
is quality of product and quality of prod- 
uct is largely dependent on properly 
prepared Materials. The American Wet 
Grinding Pan does its work thoroughly, 
quickly and cheaply. This is an unus- 
ually well built, unit. Long 
on service. Light on power. Ask for 
Bulletin. 


We build a complete line of machin- 
ery for Ceramic needs. 


The Hadfield-Penfield Steel Co. 
BUCYRUS, OHIO 


ENGELHARD PYROMETERS 
for 
— TUNNEL KILNS— 


Engelhard Pyrometers have many exclusive features that 
make them desirable for tunnel kilns, and they have been 
applied to almost every type of tunnel kiln. 


A notable installation is on the Dressler Kiln at the Ford 
Motor Co’s glass plant at Glassmere, Pa., which is used for 
pot heating for plate glass manufacture. 
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BUILT RIGHT 
RUN RIGHT BEST 
ASSET 
WORE 
far 
CHARLES ENGE INC. 


i] 


PROFESSIONAL 
DIRECTORY 


JOURNAL OF THE 


CERAMIC 
BREVITIES 


A CONSULTING SERVICE 


that will actually help you develop profits 
is available. 


“Nothing to Sell but Engineering Service 


C. FORREST TEFFT 


Graduate Ceramic Engineer,  Watsontown, Pa. 


LOUIS G. ROBINSON LABORATORIES 
Consulting Ceramists 
for the 
Enamel and Silicate Industry 
Chemical Analyses 
Raw Materials and Products 


31 E. Fourth St. Cincinnati, O. 


THE SHARP-SCHURTZ COMPANY 
Chemists for the Ceramic Industry 
We have fully equipped laboratories at 
Lancaster, Ohio, U. S. A. 


KARL LANGENBECK 


Consulting Ceramic Engineer 
1625 Hobart St., N. W., Washington, D. C. 
Competent men for responsible 
positions in the clay 
industries, available. 


NEW WIRE CLOTH CATALOGUE 


Catalogue, No. 25, Newark Wire 
Cloth Company. 


A new ——- catalogue, No. 25, 
i 


has just been ished by the Newark 
Wire Cloth 351-365 Verona 
ve., Newark, if he catalogue 


includes complete information with 
the list prices on double crimpled 
heavy steel wire screens; regular coal 
screens; steel wire cloth; bran duster 
rade of cloth; timed mill screen cloth; 
rass, copper and bronze wire cloth; 
market grade brass and copper wire 
cloth; and extra fine phosphor bronze 
wire cloth. It also ity strates several 
gets and explains in detail the 
iewark Metallic Filter Cloth which 
was originated and develo by the 
Newark Wire Cloth Company and 
which is now used all over the world. 
The catalogue goes into the uses of 
monel metal in considerable detail 
on two pages, giving a list of sizes of 
monel metal wire cloth carried in 
stock. Five pages are devoted to 
new U. S. Standard Testing Sieves 
in whose manufacture this qompan 
were the world’s pioneers. gra h 
showing the relation LE t 
is included as well as price lists 
U. S. Standard Sieves and “market 
grade” testing sieves. In the forepart 
of the catalogue a photograph of the 
new factory is shown and a number of 
pages are devoted to pointers on select- 
ing, ordering and examining of wire 
cloth. All regular users of wire cloth 
and all who may have need of it in the 
future should Bane a copy of this 
handy and valuable catalogue on file. 


W. W. Sanderson, General Sales 
Manager of The Carborundum Com- 
pany, Niagara Falls, -» announces 
the appointment of Farrand P. Hall 
as district sales manager in charge 
of the Carborundum sales organiza- 
tion and branch warehouse at Cleve- 
land, Ohio. Mr. Hall succeeds Mr. 
John MacArthur who has n dis- 
trict sales manager at Cleveland 
during the past five years. Mr. 
MacArthur has been assigned to 
special sales service work and will be 
located at the main office of The 
Carborundum at Niagara Falls. The 
appointments are effective April Ist. 

Mr H Hall joined the Carborundum 
sales force in 1914 as salesman cover- 
ing the territory in and about Mon- 
treal and the Maritime Provinces. 
From 1916 to 1922 he was engaged in 
the retail hardware business and re- 


turned to The Carborundum Com- 
pany in 1922. 
Mr. MacArthur has been a mem- 


ber of The Carborundum Sales force 
since 1909 having been appointed 
to the sales staff of the Boston, Mass., 
branch warehouse of the company in 
= wad of that year. In January 


1919 he was made district sales man- 
ager at Cleveland. 
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What’s under the enamel does matter 


It makes a world of difference in the percentage of 
faulty, flawed pieces, the culls that find their way to 
the scrap heap and eat the heart from profit. 


Toncan enamels better. The surface is smooth and 
clean and free from scale, grease and dirt. It does 
not warp in the fusing operation. 


Toncan is free from gas, blow holes and laminations. 
It does not blister in the enameling process. 


Owing to its purity, Toncan is stiffer at the fusing 
temperature than ordinary iron. It does not sag be- 
tween the burning points. 


Less than five years ago Toncan enameling tonnage 
could be counted on one hand. Now it is counted in 


~~ o~ tens of thousands of tons. 
. 0 NCAN> Irrespective of price it is the low cost of Toncan which 
' METALS has made this growth possible. 


If you have not used Toncan, it would pay you well 
to write us. 


UNITED ALLOY STEEL CORPORATION 
CANTON, OHIO 


New York Chicago San Francisco 

Syracuse Detroit Indianapolis 

Cleveland Pittsburgh Portland 
Philadelphia 


TONCAN ENAMELING SHEETS 
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W. N. BEST Oil Burners 


DIRECTION 


STEAM ORAIRy 


A superior burner backed by thirty-four years 
of successful practical application in every in- 
dustrial field. —If heat distribution is de- 
sired consult our engineers. 


Catalogs upon request 


W. N. BEST Corporation 
11 BROADWAY NEW YORK 


“—There is no getting away from it, 
This Machine is built Right”— 


The superior qualities of a 

MUELLER GROG PAN 
are not to be found by simply looking at it—actual 
operation will prove to you immediately that this is 
the machine for your grinding problem—It does the 
job right. 


Let us tell you where Mueller Machines 
are saving money. 


THE MUELLER MACHINE CO. 
TRENTON, NEW JERSEY 
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Paris Crystal Spar 


Designates 


Pure Crystal Spar 
No Free Quartz 


No Impurities 


A. C. PERHAM West Paris— Maine 


SERVICE 


How often do you want to know where you can get a certain 
piece of machinery, or what a certain company manufactures, 
where they have branch offices, etc. Write us, we can give you 
this information 

Advertising Department 


American Ceramic Society 
Lord Hall, O.S. U. Columbus, Ohio. 


Making Customers— 


Every day of the year, our fine Clays are making friends for us 
—real buying friends, customers. They appreciate 


EDGAR CLAYS 


for their Uniformity, Quality and Reliability. Always as repre- 
sented, and especially suitable for high grade Ceramic work. 


Edgar Brothers Company 


Metuchen, New Jersey 
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For Laying Up Fire-Brick For Patching Furnace Spouts 


Get the Right Refractory Cement 
in the Right Place 


bro is no such thing as a cure-all in a refractory 
cement—that is, one cement that will adequately 
meet all high temperature conditions. 


But you can always rely upon one of the refractory 
cements made by The Carborundum Company being 
the right one for your purpose. 


Firefrax Cement No. 1—A real refractory cement that bonds at room temper- 
ature, has high bonding power and will not lose its strength, boil or blister. 
A plastic cement used principally for laying up and repairing brickwork, for 
repairing retorts, coke ovens, etc. 

Firefrax Cement No. 2—A dry cement that air-sets, forms a dense, hard sur- 
face, saving fire-brick from untimely spalling. Can also be used as a protec- 
tive wash and as a lining for ladles, for patching furnace spouts, etc. 

Carbofrax Cement No. 3—Composed principally of Carborundum, one of 
the most refractory materials known. A cement made to meet severe high 
temperature conditions— for making rammed-up linings— patching brass 
melting furnaces — as a protective wash. 

Carbofrax Cement No. 4—Another Carborundum Cement, also for the se- 
verest possible high temperature conditions, principally for the laying up and 
protection of brickwork. 


Glad to discuss the uses of any of these Cements in your plant 


CARBORUNDUM REFRACTORIES 


Brick and Tile for Boiler and Furnace Settings —Muffles for Enameling Furnaces 
Hcarths for Heat-Treating Furnaces. Cements for all High Temperature Work 


The Carborundum Company 
Perth Amboy, N. J., U.S. A. 


Williams & Wilson, Limited, Montreal 
Pacific Abrasive Supply Company, San Francisco, Los Angeles 
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Lord Hall, O.S.U. 


AMERICAN CERAMIC SOCIETY 


GLASS ENAMELS POTTERY 
HEAVY CLAY PRODUCTS 


REFRACTORIES 


and their fabrication, receive the most 


publicity through the Journal. 


If you manufacture anything, for use in 
these various lines of ceramic activity, 
the place to advertise it is in the Journal, 
as itis the most widely read ceramic 
publication on such subjects in the 


country. 


Let’s have that advertisement right now 
for the NEXT Number of the Journal. 
You can’t afford not to have your message 
in these issues which go to press on the 


25th of each month. 


Advertising Department 


American Ceramic Society 


Columbus, Ohio 
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FURNACE BRICKS 


The ideal qualifications are given as: 


Ability to stand a high load 
Resistance to low fusing clinkers 
High fusion temperature 
Resistance to spalling 

Uniform texture 

True size 

True faces 


Alundum and Crystolon Bricks meet most of 
these. Varying slightly in their properties selec- 
tion between them is dependent on individual 
conditions. 


We recommend careful investigation of service re- 


quirements before selection is made for use in gas, 
oil, powdered fuel or coal fired installations. 


NORTON COMPANY 


WORCESTER, MASS. 
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HE firms listed in the Buyer’s Guide of the Journal 
(the only official publication of the American 


Ceramic Society), are either corporation members of 


the Society or they are firms that believe in advertis- 


ing in it. 


HE Journal is the most widely distributed ceramic 


technical publication in the world. 


F your products are listed in the Journal Buyer's 


Guide, do you realize what a tremendous amount of 


silent salesmanship you are employing? If they are 


not listed, what sales you are losing? 


E suggest that you do some ceramic advertis- 


ing. Use a ceramic publication but use the 


one that covers the field entirely—brick, tile, refrac- 


tories, pottery, glass, enamels and their allied indus- 


tries is what we mean. The Journal is that publica- 


tion. 


Advertising Department, 


American Ceramic Society 
Lord Hall, O.S.U. 
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| SERVICE TO POTTERS 


| We Manufacture— We Sell— 

PINS BALL CLAY 

STILTS SAGGER CLAY 
THIMBLES WAD CLAY’ 

SPURS GROUND FIRE CLAY 
SAGGERS BITSTONE 

CRUCIBLES FIRE BRICK 

TILE for Decorating kilns IMPORTED PARIS WHITE 


THE POTTERS SUPPLY COMPANY 
EAST LIVERPOOL, OHIO 


The National Silica Co. 


OREGON, ILL. 


Producers and Pulverizers of 


FLINT 


exclusively for 


Pottery Purposes 


99.97% Pure Silica 140 Silk Lawn Test 
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Lower Burning 


Pemco Enamels Mean Lower 


Costs and Better Products! 


Because Pemco Enamels can be applied at temperatures from 100° 
to 300° F. lower than many other enamels, they make it possible 
to use lighter weight castings and lighter gauge sheet metals. 


These lower burning temperatures also 
economize on fuel, shorten the burning 
time, reduce thermal shock to the fur- 
nace (lengthening its life), make quicker 
loads and consequently more loads per 
hour. 

Figure these savings over a period of a 
year, then consider that Pemco Enamels 
excel in all other qualities desirable in 


enamels, and write for a demonstration. 
The demonstration will not cost you a 
penny, and if the demonstration shipment 
of enamel is not satisfactory in every 
way, you may return the unused portion 
and receive full credit, including freight 
charges both ways. No obligation in- 
volved ~ just drop a line to the “Demon- 
stration Department.” 


THE PORCELAIN ENAMEL & MFG. CO. 


Baltimore 


Maryland 


4 
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M & T 
TIN OXIDE 


is preferred by foremost firms throughout the 
“country, making terra cotta, faience, tiles, sanitary 
pottery and art pottery. 
A uniform product, free from impurities, and 
with unexcelled covering power. 


We welcome inquiries, and will gladly send 
samples for test purposes. 


Exclusive Agents for 


Johnson-Porter Enamel Clays 


By giving exceptionally good results in floating 
enamel these clays are rapidly supplanting 
foreign enamel clays. 


METAL & THERMIT CORPORATION 


Ceramic Department 120 Broadway 
Homer F. Staiey, Mégr. New York 


| 


| 


